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Mathematical Elements 


O F 


NATURAL PHILOSOPHY 


CONFIRM'D BY 


EXPERIMENTS. 


B O O V. 
PART I Of Air, and other elaſtic Fluids. 


E 
That Air has the Properties of Fluids. 


HE Fluids, that we confider'd in the third Book, have con- 

tiguous Parts, which cohere but a little, between which ne- 
vertheleſs ſome ſmall Coheſion is obſerv'd. Theſe Fluids are not 
brought into a leſs Space by Compreſſion ; at leaſt, if there be a 
Diminution of Space, it is ſo ſmall, that it could not be diſcover'd 
hitherto, in any great Compreſſion whatever ; tor that which ſeems 
to ſhew ſuch a Diminution in ſome Experiments, may be caſily at- 
tributed to another Cauſe, Thoſe Fluids have this Property alſo, 
they are contain'd in Veſſels open at top. 

But there are other Fluids, which are to be reſtrain'd on all Sides 
leſt they ſhou'd flow away; and occupy a greater, or leſs Space, ac- 
cording as they are compreſs'd by a greater, or leis Force: Theſe 
are call'd elaſtic Fluids; and among theſe the Air, with which the 
Earth is ſurrounded, is the chief. I ſhall ſpeak of this now, and 
demonſtrate firſt of all, that this is to be rank'd amongſt Fluids. 
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Mathematical Elements Book IV. 


We have often ſpoken of the Air already, and as we live in, 
and are always encompaſſed by it, we muſt have Regard to it's 
Effects in ſeveral Experiments, as we have ſaid; but now we ſhall 
conſider it's Properties ſingly. 

We call that Fluid, which covers the Surface of the Earth, and 
ſurrounds the Earth on every Side, the Air. 

But it is manifeſt that the Earth is ſurrounded by a Fluid; for we 
obſerv'd that it is cover'd by a Body, that gravitates, whoſe Parts 
yield to any Impreſſion, and are eaſily mov'd among themſelves, 
which preſſes according to it's Height, and whoſe Preſſure is equal 
every Way. | 

Many call any elaſtic Fluid whatever Air ; others affirm that in 
the Air, which covers the Earth, there are many Things mixt, which 
don't belong to the Air; and that therefore we mult attribute no 
Properties to it, except thoſe, which belong to it, when all theſe 
Things ſhou'd be ſeparated from it. 

But we have clearly explain'd what we underſtand by Air *; 
namely this mixt Fluid, by which the Earth is ſurrounded. And 
we look upon thoſe Parts only as not belonging to it, which are 
thicker, and can't be rank'd among the Parts of the Fluid, but float 
In it. 


DEFINITION TI. 


All the Air which the Earth is encompaſs d with, confider'd toge- 
ther, is call d the Atmoſphere of the Earth, or fimply, the Atmoſphere, 


DEFINITION 2. 

The Height of the Air above the Surface of the Earth, is call'd the 
Height of the Atmoſphere. 

That there is a Body every where on the Surface of the Earth, 
though it's Parts generally eſcape the Sight, is diſcover'd by Expe- 
riment *. 

That it yields to any Impreſſion, and has it's Parts eaſily mov'd, is 
not doubted by any one. | 


That 21 is heavy, is prov'd by its preſſing upon the Surface of 


other Fluids, and ſuſtaining them in Tubes. 


EXPERIMENT TI. 
Take a Glaſs Tube AB, about three foot long, of about + Inch 
Bore; if you ſtop up the End A, and let the Tube be fill'd with 
Mercury, and let the other End be immerſed in a Veſſel, that has 


Mercury 
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Mercury in it, the Mercury will be ſuſtain'd at the Height of about 
29 Inches. 
This is occaſioned by the Preſſure of the Air upon the Surface 2086. 
of the Mercury in the Veſſel; which cannot be preſſed equally in 
every Part, unleſs in the Tube, where no Air is, there be a Column 
of Mercury, which preſſes equally with the outward Air . This * 1416. 
is called the Torricellian Tube, from Jorricelli, who was the firſt 
that made this Experiment. 


EXPERIMENT 2. 


That this Preſſure may not be chang d when the Tube is inclin'd, 208. 
it is requir'd that the Mercury ſhould keep the fame perpendicular Pl. 63. F. 1. 


Height“: If therefore there be two Veſſels containing Mercury, * 1423. 


in which Tubes in the Manner abovemention'd are immers'd, of 
which ED is inclined to the Horizon, the Mercury is ſuſtain'd at 
the Heights þ f and i g, ſo that F and g are in the ſame horizontal 
Lines; ſuppoſing the Surface of the Mercury in the Veſſels to lye 
in the ſame Plane. 

EXPERIMENT 3. 

The ſame Preſſure of Air ſuſtains the Water of the Glaſs V, 2088. 
which is immerg'd in Water and filled with it, and then is pull'd Pl.63.F.2, 
out all but the Orifice, which ſtill remains immers'd. | 

Water wou'd be ſuſtain'd in the fame Manner tho' the Height 2089. 
of the Glaſs ſhould be 32 Foot; for Quickſilver is almoſt 14 times 
heavier than Water *, and a Pillar of Water a little more then 32 * 1 563. 
Foot high prefles equally with a Column of Mercury 29 Inches 
high, which Preſſure is equal to the Preſſure of the Atmoſphere. 


EXPERIMENT 4. 

In the Glaſs A, inverted, a Fluid, as Water, would be ſuſtain'd 2090. 
by the Preſſure of the Air, unleſs, by the Water's deſcending, the Pl.63.F. 3. 
Air ſhould aſcend along it into the Glaſs; for this Reaſon if the 
Glaſs, before it be inverted, be cover'd with Paper, the Water 1s 


kept in, and the Paper is applied faſt to the Water, by means of 
the Preſſure of the Air. 


That the Preſſure of the Air depends upon it's Height, may be 2091. 
eaſily deduced from what has been ſaid; but it is immediately 
prov'd by carrying the Torricellian Tube mention'd to a higher 
Place ; for, when you carry this Machine up a Hill, for 100 Foot 
that you riſe perpendicularly, the Mercury deſcends about an eighth 
of an Inch. 


B 2 That 
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That Air preſſes equally every Way, appears from this, that the 
Preſſure is ſuſtain'd by ſoft Bodies without any Change of Figure, 
and brittle Bodies without their breaking, tho' this Preſſure be 
equal to the Preſſure of a Pillar of Mercury 29 Inches high, or a 
Height of Water of 32 Foot *; any Body may ſee that nothing 
can preſerve theſe Bodies unchang'd, but the equal Preſſure on all 


Parts; but it is plain that the Air does preſs in that Manner *, If 
vou take away the Air on one Side, the Preſſure is ſenſible on the 


oppolite Side, | 
EXPERIMENT 5. 


If the Tube AB, in which Mercury is ſuſtain'd at the Height F 


by the Preſſure of the Air, whilſt the upper Part is left empty *, be 
raiſed a little, fo that it's End may remain immerſed, it reſiſts very 
much ; if, the Mercury being thrown out, the Tube contains Air, 
it only reſiſts by it's Weight, when it is lifted up. 

The Mercury cannot load the Tube; for it's Action againſt the 
Sides of the Tube is horizontal: But the Air acts againſt the upper 
Part of the Tube, and the Column, which is ſuſtain'd by the 
Tube, is of equal Weight with the Column of Mercury, contain'd 
in the Tube. If, the Mercury being taken away, the Air be let in, 
as only the Tube loads the Hand, it appears, that the Action of the 
Air againſt the lower Surface of the upper Part of the Tube, de- 
ſtroys the Action againſt the outward Surface of the fame Part of 
the Tube, and that the Air preſſes equally upwards and down- 
wards. | 

By this Experiment alſo, thoſe Things are confirm'd, which are 
faid concerning the Gravity of the Air. 


CRAP: I 
Of the Elaſticity of the Air. 


E have ſeen, that the Air has the Properties of other Fluids; 

but beſides, it has another Property, as was ſaid *; which 

is, that it can take up a greater or leſs Space, according as it is com- 
preſs'd with a different Force; and, as ſoon as that Force is dimi- 
niſh'd, it expands itſelf. By Reaſon of the Analogy of this Effect 
with the Elaſticity of Bodies, this Property of the Air is call'd it's 


Elaſticity, and the Fluids, which have it, are call'd elaſtic Fluids, 


as has been already faid. 
1 That 
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That the Air may be compreſs'd, appears from an Experiment 
already mention'd x. And that it may be dilated, is prov'd from 
the following one. 


EXPERIMENT I. 


Take the Tube AB clofed at the End A, and pour Mercury into 
it, ſo that there may be ſome Air left in the Tube, which, when Pl.63 
in the State of the external Air, will take up the Space AJ; if the 


End B of the Tube be immers'd into Mercury, the Mercury in the 
Tube will deſcend to g, and there remain. The Height 7 g differs 
very much from the Height of the Mercury in the firſt Experiment 
of the foregoing Chapter. 

This Difference does not ariſe from the Weight of the Air in the 
Tube; for its Weight is too little to produce any ſenſible Difference 
in the Height of the Mercury ; therefore the Action of the Air up- 
on the Mercury muſt be attributed to another Cauſe. 

The Force, by which the common or external Air is compreſs'd, 
is the Weight of the whole Atmoſphere, which is equal to a Pillar 
of Mercury of the Height þ f (Fig. 1.) ; therefore the compreſſing 


Force may be expreſs'd by this Height. But now the Preſſure of 


the Atmoſphere exerts two Effects, it ſuſtains the Pillar of the Mer- 
cury ig, and acts upon the Air in the Tube. f the Force, by 
which the Mercury is ſuſtain d, at the Height g i, be ſubſirafted from 
the Preſſure of the whole Atmoſphere ; that is, if the Height gz be 
taken from the Height hf, there remains the Force by which the Air 
is comprefs'd in the upper Part of the Tube. 

This Air reſiſts with the ſame Force, and preſſes downwards *: 
but it can't reſiſt, unleſs it be retain'd * and extends itſelf to A, 
and takes up the whole Space A /. 

But we find by Experiments, that te Air dilates itſelf, in ſuch 
Manner, that the Space, occupied by it, is inverſly as the Force, with 
which it is compreſs'd. 


A MACHINE, 
Whereby the Dilatations of the Air, as alſo the compreſſing Forces, 


are compar'd with one another. 


The Iron Pipe AB, three Foot long, whoſe Bore is three Quar- 


Cylinder C, joined to the Box or Veſſel D, and is there faſten'd, 
the Diameter of the Veſſel is about four Inches, and it's Height 
almoſt equal to it's Diameter. The Pipe is fill'd with Mercury in 
ſuch manner, that it may be about half an Inch high in the You 
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ters of an Inch, and which is clos'd at A, is at B put into the Wooden Pl. 63. F. 5. 
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The Pipe, with the Veſſel join'd to it, is applied to a Board or 
Frame EF G; the Surface of which has a Groove in it, to receive 
the Pipe, and the Board is perforated in the Place, that anſwers to 
the Veſſel and the Cylinder. 

The Surface-of the Part F G of the ſame Board is alſo hollow'd 


before to receive the Ruler of Box LM, which is moveable in this 
Cavity in ſuch manner, that it may be fix'd at different Heights, by 


means of a Screw, join'd to the Ruler, behind, at the Diſtance of 
ſix Inches from the End L, and which goes thro' a Hole in the Board. 

A Copper Plate rs is join'd to the Side of the Ruler of Box, and 
made faſt. The Breadth of the Plate exceeds the Thickneſs of the 
Ruler a quarter of an Inch, fo that the Plate ſtands out beyond it, 
making a Right Angle with the Surface of the Ruler. 

Along this Prominence is mov'd the Piece , join'd to the Index 
q ; this is faſten'd by the Screw o, and is repreſented by itſelf at 
ON. 

We uſe moreover a Glaſs Tube, a little more than three Foot 
long, and which is clos'd at one End; part of alis is filled with 
Mercury, ſo as not to exclude all the Air. The open End, the 
Tube being inverted, is immerg'd in Mercury, contained in Gwe 
Veſſel and Iron Pipe, as in the foregoing Experiment &. 

As this Glaſs Tube is leſs or more thruſt into the Pipe, the up- 


per Part of the Tube, that has no Mercury in it, is greater or leſs ; 
and is meaſur'd, if we apply this Part to the Ruler LM, which has 


a Groove in it, to receive this Tube, and is divided into ſmaller 

Parts, -which anſwer to equal Parts of the Capacity of the Glaſs 

Tube. | 8 
If this Tube ſhou'd be exactly cylindrical, theſe Diviſions wou'd 


be equal, but as this ſeldom happens, I ſhall ſhew how the Divi- 


ſions of the Ruler are mark'd. | 
The Tube PV is inverted, and applied to the Ruler, ſo that the 

external Surface of the End V of the Tube, may agree to the end 

L of the Ruler. A {mall Quantity of Mercury is pour'd in, whoſe 


Height, for Example, in the Tube, is equal to a quarter or a third 


of an Inch, and the Height, to which it comes, is mark'd on the 


Ruler; an equal Quantity of Mercury is again pour'd in, and a ſe- 
_ cond Diviſion is mark'd ; and by continuing to do thus, the whole 


Ruler may be divided. The equal Quantities of Mercury are had, 
by weighing them. | Y 
But it is tedious and difficult, to ſeparate ſo many ſmall Parts of 


Mercury in ſuch Manner, that they may all be exactly of the ſame 
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Weight ; therefore, if the Tube be regular, that is, if it be a Por- 
tion of a truncated Cone, as often happens, and differs little from a Cy- 
linder, which is eaſily had, we may make uſe of another Method; 
becauſe in this Caſe the Diviſions are very nearly in arithmetical 
Progreſſion. 

The firſt four or five Diviſions are to be mark'd, by the Method 
ſhewn ; becauſe whilſt the Tube is hermetically feal'd it does not 
keep the regular Figure : Then ten, or twelve Times the Quan- 
tity of Mercury is pour'd into the Tube, and the Diviſion is mark'd; 
this is diſtant ten, or twelve ſmaller Parts from that laſt mark'd ; 
and by continuing to do thus, the reſt of the Ruler is divided in 
the ſame Manner into ſuch greater Parts, denoting equal Portions of 
the Capacity of the Tube. Then theſe greater Diviſions are ſubdi- 
vided geometrically in ſuch Manner, that all the ſmaller Diviſions 
are in arithmetical Progreſſion continued. 

But we muſt firſt examine, whether the greater Diviſions mark'd 
are in arithmetical Progreſſion, if they are not, the geometrical Di- 
viſion can't take place, by Reaſon of the Irregularity of the Tube. 


EXPERIMENT 2. 


We muſt firſt of all meaſure exactly the Height, at which the 
Mercury is ſuſtained in the Terricellian Tube *, whoſe upper End is 
well clear d of Air. 


Such a Quantity of Air as you pleaſe is leſt in the glaſs Tube, 
before it is immers'd in the Mercury &. 

This Tube is put into the Mercury as far as you pleaſe alſo, and 
the Ruler LM is faſten'd in ſuch Manner, that the End L may 
agree to the Surface of the Mercury in the Glaſs Tube. But the 
Index ꝙ is applied to the upper End of the fame Tube, and an- 
ſwers to the Diviſion of the Ruler, denoting the Space LV, which 
is taken up by the Air in the Tube. The Height of the Point L. 
above the Surface of the Mercury in the Veſſel, is meaſur'd in 
Inches and ſmaller Parts, and is ſubſtracted from the Height of the 
Mercury in the Torricellian Tube, and the Difference expreſſes the 


2106. 
* 2085. 


* 2107. 


Force, that compreſſes the Air in LM *. The Situation of the * 1 100. 


Glaſs Tube is changed, the fame Air remaining in the Tube, and 
the Force is meaſur'd again, which compreſſes the Air, as alſo the 
Space taken up by the Air. Then the Spaces taken up will be in- 

verily, as the compreſſing Forces. 
Let the Height of the Mercury in the Barometer be 20, 2 5 Inches; 
the Height of the Point L above the Surface of the Mercury 5 8 
eſſe 


2107. 


2108. 
Pl. C3. F. 6. 


2109. 

* 1404. 
* 2101. 
2361. 
2110. 
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2112. 
Pl. 63. F. 7. 
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Veſſel 20,25 Inches; and LV 32 Parts. Now if the Glaſs Tube 
be drawn out of it's Sheath more, L is raiſed up; when the Height 


of this Point comes to 24,75 Inches, LV is 64 Parts. The com- 


preſſing Forces are 9. and 4, 5; the Spaces taken up 32, and 64. 

This Experiment may very well be varied many Ways. 

The ſame Rule obtains in compreſs'd Air. 

| 
EXPERIMENT 3. 

Take a Curve Tube ABCD open at A, and clos'd at D ; let the 
Part BC be fill'd with Mercury, ſo that the Part CD may contain 
Air of the fame State or Tenor as the external Air; therefore, the 
compreſſing Force is the Column of Mercury, whoſe Height is „f 
(Fig. 1.) and by this Height muſt this Force be expreſs'd, as in 
the foregoing Experiment ; but the Space taken up by the Air is CD. 
Pour Mercury into the Tube AB, that it may riſe up to g, the 
Air will be reduc'd to the Space e D: Now the compreſſing Force 
is equal to a Column of Mercury of the Height f g, and alſo the 
Preſſure of the external Air upon the Surface g of the Mercury; 
this Force is expreſs'd by the Sum of the Heights f g in this Figure, 
and bf in Fig. 1. This Sum is always to þ f (Fig. 1.) as CD to 
eD; and again the Forces are inverſly as the Spaces. | 

The Elaſticity of the Air is as it's Denſity ; for this laſt is as the 
Space taken up by the Air *, and therefore as the Force compreſ- 
ſing the Air *; which is equal to that by which the Air endeavours 
to expand itſelf * ; but this Force 1s it's Elaſticity. 

Hence it follows, that the Air in which we live is reduced to the 
Denſity which it has near the Earth, by the Preſſure of the ſuper- 
incumbent Air, and that it is more or leſs compreſſed, according to 
the greater or leſs Weight of the Atmoſphere ; for which Reaſon 
alſo the Air is leſs denſe at the Top of a Mountain than a Valley, 
as being compreſs'd by a leſs Weight. 

The Force, by which the Particles of the Air fly from each «ther, 
encreaſes in the ſame Ratio, as the Diſtance betwe:n the Centers of 
the Particles is diminiſhed. That is, that Force is inverſly as this 
Diſtance. 

To demonſtrate which, let us conſider two equal Cubes A and B, 
containing unequal Quantities of Air; let the Diſtance between the 
Center of the Particles be as 2 to 1, the Numbers of the Particles 
will be in the ſame, but inverſe Ratio, in the Lines de and Y:; the 
Numbers of the Particles acting upon the Surfaces dg and hm are, 
as 1 to 4, namely, as the Squares of the Numbers of the Particles 
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in equal Lines, and as the Cubes of thoſe Numbers, that is, as 1 to 8, 
ſo are the Quantities of Air contained in the Cubes ; in which Ra- 
tio alſo are the Forces compreſſing the Air in the Cubes *. The * 2 109. 
Forces acting upon the equal Surfaces dg and hm are as the Forces 461. 
by which the Air is compreſſed * ; they are alſo in a Ratio com- * 361. 
pounded of the Numbers of the Particles acting, and the Action of 
all the Particles ; therefore, this compound Ratio is the Ratio of 1 
to 8: The firſt of the compounding Ratios, as has been ſaid, is 
that of 1 to 4; wherefore, neceſſarily the ſecond is that of 1 to 2, 
which is the inverſe Ratio of the Diſtance between the Particles. 
And this Demonſtration is general ; for by 1 and 8 we expreſs any 
Cubes whatever; by 1 and 4, the Squares of the Cube Roots; 
and laſtly, by 1 and 2, the Roots of thoſe Cubes. 

This Demonſtration proves that the Action, which the Particles 2113. 
continually ſuffer from all Sides, is encreaſed in the Ratio, in which 
the Diſtance between the Centers of the Particles is diminiſhed, 

But Experiments ſhew that the Particles do not extend their 2114. 
Action to Particles, remov'd to a ſenſible Diſtance ; whence it ap- 
pears, the ſame Denfity of Air being ſuppos'd, that there is not a 
greater Elaſticity, where there is a greater Quantity of Air. 

The Effects of the Elaſticity of the Air are like thoſe of it's Gra- 2115. 
vity, and included Air acts by its Elaſticity, juſt as Air not included 
does by it's Weight. 

The Air which is loaded by the Weight of the whole Atmo- 
ſphere, preſſes every Way from the very Nature of Fluidity * ; * 1418. 
and the Force which it exerts, does no Way depend upon the | 
Elaſticity, becauſe, whether you ſuppoſe Elaſticity, or not, that 
Force which ariſes from the Weight of the Atmoſphere, and is 
equal to it, can be no Way changed. But, as the Air is elaſtic, it 


is reduced to ſuch a Space by the Weight of the „ that 


the Elaſticity, which reacts againſt the compreſſing Weight, is 

equal to that Weight x. But the Elaſticity encreaſes and diminiſhes * 361. 
as the Diſtance of the Particles diminiſhes or encreaſes *, and it is * 2109. 
no Matter, whether the air be retained in a certain Space by 

the Weight of the Atmoſphere, or any other Way ; for in both 

Caſes it will endeavour to expand itſelf with the fame Force, and 

preſs every Way. Therefore if the Air near the Earth be incloſed 

in any Veſſel, without altering it's Denſity, the Preſſure of the in- 

cluded Air will be equal to the Weight of the whole Atmoſphere. 


Vor, II, | C EXPERT- 
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EXPERIMENT 4. 


The Jorricellian Tube is encloſed in the Glaſs DR, fo that the 
Air, which preſſes upon the Surface of the Mercury, contained in 
the Veſſel V, may have no Communication with the outward Air ; 


by the Elaſticity of the Air the Mercury is faſtain'd at the fatne 


Height in the Tube, as in the open Air, 

The Tenor of the Air continuing the fame, what we have faid 
will always obtain ; but this Tenor or Temper of the Air is not 
always the ſame ; the repellent Force of the Particles is often encreas d, 
or diminiſh'd, though the Diſtance between the Centers is not cbang d; 
I ſhall ſpeak of this Alteration in the following Chapter *; in the 
following Part of this Book we ſhall alſo fee, That the Elaſticity en- 
creaſes by Heat, and diminiſhes by Cold. 

I ſhall deliver ſome other Experiments, concerning the Elaſticity 
of the Air, in the fifth Chapter of this Book. 


CHAP. II. 
Of ſome other elaſtic Fluids. 


"HERE are ſeveral Fluids, which have the ſame Property 
as the Air, Elaſticity. 
Among theſe Vapour is remarkable, of which we treat in the 
tenth Chapter of this Book. 
By Fermentation, Efferveſcence, Putrefaction, and Combuſtion, 
elaſtic Fluids are ſeparated from Bodies, which are different accord- 
ing to the Difference of the Bodies. | 


Such a Fluid arifes from many Bodies, when the Preſſure of the 
external Air is diminiſhed, or taken away. 

This ts 70 obſerv'd in ſome, when they are only moi ſten' d. 

But in theſe two laſt Caſes there is no Separation without Effer- 
veſcence. 

All theſe Fluids, except Vapour, how different ſoever one from 
another, are commonly expreſs'd by the fame Name Air. But as 


the Air is that Fluid, with which the whole Surface of the Earth is 


encompaſo d, this, properly ſpeaking, is a Mixture made up of various 
elaſtic Fluids, in which innumerable Corpuſcles of different Sorts float. 

| Theſe Corpuſcles aſcend to different Heights *, according to their 
different ſpecific Gravity : and the Exhalations of different Bodies 
alſo, which are elaſtic Fluids, are rais'd differently in the Air. 


I | Whence 
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Whence we infer, that the Air in a high Place does not differ from 
the lower Air in Denſity only. 

It cannot be doubted that different elaſtic Fluids have different 
1 ; which alſo appears from Experiments; for the Effect 
of different Exhalations differ from one another. | 

Whilſt the Parts, which, being ſeparated from Bodies, make elaſtic 
Fluids, remain in the Bodies, they are join'd together, or adhere to 
other Parts of the Bodies; wherefore, they cant be rank'd among 
elaſtic Fluids any more, than Water, before it is turn'd into Vapour, 
can be call'd Vapour. LN 

But the Space taken up, by the Matter which becomes elaſtic, 
is very ſmall, whilſt it remains in the Bodies themſelves, if it be 
compar d with the Space, which it takes up, whilſt it exerts it's Elaſti- 
city, the external Compreſſion being ſuppos'd equal in both Caſes. . 

This plainly appears in thoſe Bodies, which are wholly turn'd 
into an elaſtic Fluid. Ice a ſolid Body, whoſe Parts cohere, is firit 
turn'd into Water, in which the Coheſion is leſs, then into Vapour, 
an elaſtic Fluid; this takes up a Space at leaſt fourteen thou- 
ſand times greater, than when it was Water; and this too whilſt 
the Vapour is compreſs d by the Weight of the whole Atmoſphere; 
in thoſe very Places from which it excludes the Air : and who does 
not ſee that this Expanſion may be immenſely encreas'd, by taking 
away the Preſſure of the Atmoſphere? 

. I ſhall make ſome other Obſervations concerning Water; an 
elaſtic Fluid may be ſeparated from it without a ſenſible Diminution 
of it's Bulk ; which Separation is made by Cold, Heat, or by tak- 
ing away the Preſſure of the Atmoſphere. 

Me obſerve this Separation to be very ſudden, if all the Preſſure 
be ſuddenly taken away. 


| EXPERIMENT I. 
The Glaſs Veſſel A B is exactly fill'd with Water; at the End B 


2126. 


2127. 


2128. 


2129. 


a Braſs Cylinder is join'd to it, that the Syringe, which is repre- Pl. 03. E. 8. 


ſented in Fig. 1. Pl. 71. may be join'd to it, by Means of a Screw. 

Whilſt the Piſton of the Syringe is drawn out, the Water deſcends 
into the Syringe by it's Weight ; and there is a Space in the upper 
Part of the Veſſel void of Water and Air. Immediately alto innu- 
merable Bubbles of an elaſtic Fluid, ſhew themſelves at the ſame 
Time; and all the Water looks white with theſe Bubbles. 


This elaftie Fluid differs from the Air, with which the Surface of 2130. 


the Earth is encompaſs'd, though it be in the Air in great Quantity. 


SE EXPERI- 
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EXPERIMENT 2. 

If a Phial be filled with Water, from which every elaſtic Fluid 
has been driven out, by Fire, or otherwiſe, and a ſmall Bubble of 
Air being left, the Phial be inverted, and the open End of it be im- 
mers'd into Water, contain'd in any Veſſel, this Bubble of Air, in 


| ſome Days, will enter into the Water wholly, and ſeveral Bubbles 


will be ſucceſſively abſorb'd as it were by the Water in the ſame 
Manner. But with Reſpect to every one of the Bubbles it is to be 
obſerv'd, that a much greater Part of the Bubble enters into the 
Water the firſt Day, than there does in the following Days. 

From this Experiment we infer that there are ſome Parts in the 
Air, which enter into the Water more eaſily than others, and re- 
main there. 

Whence it follows that, whilſt Water is expos'd to the open Air, 
there enters into it a greater Quantity of that Matter, which gets 
into it more eaſily; and that the Air, that has enter'd into it, differs 
from the external Air. We obſerve alſo that this Fluid often dilates 
itſelf more, when the Preſſure is diminiſh'd, than according to the 
Rule of Number 2101. But the Expanſion of this Fluid is im- 
menſe. 

This Fluid takes up a very ſmall Space in the Water; for, as 
was ſaid above, the Separation is made without any ſenſible dimi- 
nution of the Bulk of the Water, and Mariotte mentions an Expe- 


riment concerning the Dilatation of this elaſtic Matter, whereby it 


appears, that this Matter, which was driven out from the Water, 
when it had loſt it's Heat, and ſuſtain'd the Weight of the whole 


Atmoſphere, took up ten times the Space, that the Water did, in 
which it had been contained. 


In the fifth Chapter of this Book we ſhall ſee ®, how much this 
Fluid can be dilated ; if it expands itſelf ten thouſand times only, 
it's Space will be an hundred thouſand times greater than the Space 
taken up by the Water from which it went out. But who ſhall de- 


termine how great the Expanſion is, if we have Regard to the Space 
taken up in the Water by this elaſtic Matter ? 


Hence we infer, that the Particles of elaſtic Fluids are not of the 
fame Nature with other elaſtic Bodies; for all the Particles cannot 
be encreas'd, as the whole Bulk is encreas'd, the Surface, in every 
Degree of Expanſion, being kept free from all Irregularities and 


Angles, for in Expanſions the Parts are eafily mov'd amongſt 


themſelves : Whence it follows, that the Particles do not touch, tho 
8 they 
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they _ one another, a like Property of Particles has been taken No- 
tice of above *. g * 75. 97 


C HA P. V. 
Of the AIR-Puur. 


* HE Elaſticity of the Air is the Foundation of the Conſtruction 2136. 
of a Machine, by which the Air may be drawn out of any 
Veſſel. This Machine is called an A:r-pump, which is made ſeveral 
Ways. 
The chief Part in all of them is a Barrel, or hollow Cylinder of 
Metal, poliſh'd in the Infide ; in this Barrel muſt move a Piſton, 
that fills it's Bore ſo exactly as to let no Air ſlip by. This Piſton is 
thruſt down cloſe to the Bottom of the Barrel, and then rais'd up in 
ſuch a Manner as to exclude all the Air from the Cavity of the Cylin- 
der or Barrel; if this Cavity communicates with any Veſſel, by 
Means of a Pipe at the Bottom of the Barrel, the Air in the Veſſel 
will expand itſelf, and Part of it will enter into the Barrel, fo that 
the Air in the Barrel, and in the Veſſel, will have the ſame Denſity. 
Shut up the Communication between the Veſſel and Barrel, and let 
ting the Air out of the Barrel, apply the Piſton cloſe to the Bottom. 
If you raiſe the Piſton a ſecond time, and open the Communication 
between the Barrel and Veſſel abovementioned, the Denſity of the 
Air in the Veſſel will again be diminiſh'd ; and repeating the Moti- 
on of the Piſton, the Air in the Veſſel will be reduc'd to the leaſt 
Denſity. Yet all the Air can never be exhauſted by this Method; 
for at every Stroke the Air does ſo expand itſelf, as to have the ſame 
Denſity in the Barrel as in the Veſſel; in which laſt therefore, there 
is always a little Air left. 
But after the Elaſticity is diminiſh'd, as much as poſſible, by re- 2147. 
peating the Operations, we ought not from hence to make a Judg- 
ment of the Denſity, as in ſmaller Dilatations *, This Elaſticity * 2109. 
of the remaining Air is not always the fame, and it is not ſenſibly 
diminiſh'd by the Dilatation of it, as we ſhall find in the following 
Chapter *. | * 2191- 
All Air-pumps have in common the Parts above deſcrib'd, but 2138. 
they differ in ſeveral other Things. Firſt, the Communication be- 
tween the Receiver to be exhauſted, and the Cylinder or Barrel, is 
open'd and ſhut different Ways. Secondly, there are difterent 
Ways of getting the Air out of the Cylinder or Barrel, _ W 
1 on 
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Piſton is brought to the Bottom. Thirdly, the Piſtons diſſer in 


different Pumps. Fourthly, the Poſition of the Cylinder is not 


the ſame in all Pumps. Fifthly, there are different Contrivances 
for moving the Piſton. Laſtly, there are often two Barrels, in one 
of which the Piſton is rais'd, when it is depreſs'd in the other. 

Our Pump is here repreſented ; the oppoſite Part of the Box, or 
Caſe, the Door being ſhut, which belongs to that Part, is ſeen in 
Fig, 1. Plate 68. I ſhall defer the particular Deſcription of it to 
another Place, and only here mention ſome Things in general. 


The NIN PU MF. 


The fore Part of the Pump is repreſented in Plate 64. the Doo 
of the Box, in which it is encloſed, being taken away q 
The hinder Part of the fame Pump, taken outiof it's Box, is re- 
preſented in Plate 65. The fame Parts are mark'd with the fame 

Letters in each Figure, | | . 
This Pump has two Barrels A, B, in each a Piſton is mov'd, 

whoſe Parts are repreſented ſeparately at C, D, E, and F. 
To the lower Plate of the Part D, there is joined a ſmall ſquare 
Tube 4, to whoſe Cavity the Hole u in the Plate anſwers.  _ 
This ſmall Tube goes through the Cylinder F of Cork, which 
is retain'd by the Plate E, with which the ſolid Piece g coheres, 
which goes into the ſmall Tube d, and is faſten d by the Screw e, 
which goes into the ſolid Piece, and whoſe Head at n covers the 
Hole, which anſwers to the Tube d. Between the Plate E and the 
Cork F a thin Piece of Leather F is faſten'd, which is prominent 


TE * 
. 


every Way, and which, whilſt the Piſton is thruſt into the Cylin- 


der, applies itſelf to the lateral Surface of the Cork, This Method 
is uſed in England. This Leather ſhou'd be ſoak'd in Oil and Wa- 
ter, as was faid in N. 1436. | 

The Piſtons before they are thruſt into the Barrels, ſhould be 
left in Water ſome Hours, and well oil'd. A ſmall Quantity of 
Water muſt be pour'd into the Barrels upon the Piſtons. | 

We make uſe of Calf's Leather, we apply the Epidermis to the 
Cork; but Care muſt be taken, that the Piſton exactly fills the 
Barrel, but yet ſo, that the Leather may not be compreſſed too 
much; for if it be made dry, whilſt the Oil and Water are 
ſqueezed out by a too great Compreſſion, the Piſtons will not re- 
tain the Water, when it ſuſtains the whole Preſſure of the Atmo- 
ſphere. But when the Leather is of a due Thicknefs, we may 
make uſe of the Pump two or three Months,. without once taking 


out 
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out the Piſtons : Which yet we ſhould not neglect, when, the Oil 


being grown thick, the Leather adheres to the hollow Surface of 


the Barrel, and the Piſtons are mov'd with Difficulty : Then they 
muſt be taken out; the Leather muſt be ſeparated a little from the 
Cork, and well oil'd, and the Piſtons muſt be left ſome Hours in 
1 | Ba 

The Tail C of the Piſton has Teeth, as in moſt Air-pumps ; it's 
lower End c is cylindrical. This cylindrical Part paſſes through 
a Cylindrical Cavity in the Prominence p of the Piſton ; the Dia- 
meter of this Cavity exceeds the Diameter of the Cylinder c but 
a little, and the Tail C may be rais'd, and depreſs'd, three Quar- 
ters of an Inch, the Piſton itſelf remaining unmov'd. 

Both Piſtons are mov'd by turning the Wheel R, whoſe Motion, 
whilſt it goes and comes, wants ſomewhat of the third Part of a 
Circle. 


The Veſſels to be exhauſted are put upon the Plate G, and this 


communicates by the Pipe XXX with the Barrels. For there is a 


Cavity under the Plate C, which anſwers to the Pipe II, in which 
there are two Cocks, Y, Z, between which the Pipe XX is join'd 
to this Pipe which communicates with them, under the Plate, 
upon which the Barrels ſtand. 


There is a Cock under the Bottom of each Barrel ; the Tails of 


theſe Cocks are ſeen at L, L, which are join'd by the Braſs Ruler 
PP in ſuch Manner, that by the Motion of this Ruler both the 
Cocks may be moy'd at the fame Time. To the Axis of the Wheel 
R, behind, is join'd an Iron croſs Piece HN M, whereby theſe 
Cocks are mov'd. 
In the Poſition, in which the Parts of the Machine are repre- 
ſented in this Figure, the Barrel B communicates with the Veſſel 


to be exhauſted; the Barrel A with the external Air; and, by de- 


preffing the Piſton of this Barrel, all the Air is forc'd out of it, and 
in the mean Time the other Piſton is rais'd higher. 

The Air, which is forc'd out of the Pump, goes out through the 
Cock at /, where there is a Prominence, that a ſmall Valve made of 
Leather may cloſe the Hole. This Valve hinders the entring in of 
the external Air, and we may do without it ; but it very much 
leſſens the Labour. 

When the Piſton comes to the Bottom of the Pump A, the End 
N of the Croſs paſſes over the Roller v, which it depreſſes, raiſing 
the End S of the ſmaller Iron Ruler S V, which moves about the 


Tail o, which coheres with it, and goes through the Cylinder O = 
0 


IS 
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the Middle of the Ruler PP, join'd to it; 8 V immediately returns 
to it's former Poſition, and in that very Moment the Piſton is ap- 
plied to the Bettom of the Pump. 

The Motion of the Wheel is now to be directed towards the 
contrary Part. . In the Return of the Croſs the End N runs againſt 
the Roller v, and drives it on; till this Roller is ſo depreſs'd, by 
turning the Cocks L, L, that N paſſes over it. | 

In this turning of the Cocks, L, L, they deſcribe Arches, of 
ninety Degrees; and the Communication of the Barrel B with the 
Veſſel is ſtopp'd, and a new Communication with the external Air 
is open'd ; the contrary to this obtains in reſpect of the Barrel A. 

During this Motion of the Cocks, C is indeed raiſed, but the 
Piſton itſelf remains at the Bottom of the Barrel A ; which is ne- 
ceſſary leſt the external Air ſhou'd again enter into the Barrel, and 
which how it is done has been ſaid above *. 


Now if the Motion of the Wheel be continued, the Piſton of 


the Barrel A is raiſed up, which communicates with the Veſſel to 
be exhauſted, and the Air is forc'd out from the Barrel B, and the 
End M of the Croſs paſſes over the Roller v, and what was ex- 
plained in the contrary Motion, obtains in this Caſe, in the ſame 
Manner. | 

The Wheel is turn'd by the Handle m, which is about two 
Foot long; this is in an horizontal Poſition, when the Ends M, and 
N, of the Croſs, are alſo in an horizontal Line. 

When in this Motion it happens, that there is a greater Reſiſt- 
ance, when the Cocks are mov'd, than in the reſt of the Motion, 
this is a Sign that the Cocks want to be rubb'd with Oil and Wax ; 
which in hot Weather ſhou'd be repeated, when the Machine has 
been in continual Motion, for three or four Hours. 

As to the Cocks Y, Z, above-mentioned *, by the firſt the Com- 
munication between the exhauſted Veſſel and the Barrels is ſtopp'd, 
when the Air is exhauſted ; by the other, the Air is again let into the 
Veſſel, and the Communication with the mercurial Gage is cut off. 

This mercurial Gage is repreſented at Q ; it's Uſe is to determine 
the Quantity of Air exhauſted from the Veſſel, as alſo the Quantity 
of Air that remains in it; by this alſo the Capacities of Veſſels to 


be exhauſted are meaſur'd ; which is of Uſe m many Experiments. 


2152. 


Mine differs from the common Gages. 
There is a Pipe at K that has a Hole at it's upper End, and a 


Screw at it's lower End, it goes into the Plate G, and the Air paſſes 
through it into the Pump. 


In 
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In the fame Manner, a ſmall Cylinder, with a Screw upon it, is 
frequently join'd to the Plate of the Pump, whereby a Globe, or 
any other Veſſel to be exhauſted, may be applied to the Ma- 
chine ; which is commonly done by putting a Cock between, that 
the Veſſel when emptied of the Air may be ſeparated from the 
Pump. 

i the Middle of the Plate G there is a Hole at a, whereby. ſe- 
veral Machines may be joined to the Plate ; and which is clos'd by 
a Screw. 

By this Means alſo there is often applied to the Pump a cylin- 
dric Box, full of Leathers waxed, through the Center of which a 
Braſs Wire paſſes, which may be mov'd by the Help of a Handle, 
ſo as to communicate Motion into a Place void of Air ; the Box 
has a Cover, which enters into it with a Screw, for preſſing the 
Leathers together, and the better to prevent the paſſing by of the 
Air. | 

Such a Box, or Collar of Leathers, is often join'd to the Cover 
which is laid over the Receivers, as may be ſeen in Fig. 3. Plate 3. 
and in many Plates of this Book. 

When the Receivers are laid upon the Plate G, or when they 
have Covers, and the Air is to be kept from getting in, ſome Hours, 
or Days, we make uſe of a Mixture made up of four Parts of white 
Wax, two of Reſin, and one of Oil of Olives; in Summer leſs 
Oil is requir'd, in Winter more. 

For a leſs Time it is ſufficient to put the Veſſels upon a Ring of 
thin Leather, which has been ſoak'd ſome Days in Oil; it muſt be 
well oil'd every Time, before it is us'd, and left in Water a Quar- 
ter of an Hour; but when the Experiments are ended, the Leather 
muſt be well dry'd with a Linen Cloth; and the ſame Ring may 
ſerve many Years, if it be kept in a dry Place. 


A fingle barrePd Air-pump. 
I ſhall briefly ſhew how many Conveniencies of our Pump, may 


be transferred to a leſs, and fingle barrel'd Pump. 
This Pump conſiſts of one Cylinder A; which is applied to the 


vertical Board or Frame BB. 
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The Piſton is like that, which has been explained above *, the * 2140. 


Tail of it has Teeth alſo, and is moved by Means of a Sector of a 
Circle which has alſo Teeth. The Motion is impreſs'd by moving 
the Handle 9m, join'd to the Axis which paſſes through the Center 
of the Sector. 
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2159; ——To- the other End of this Axis is join d the Iron Croſs K PO, 
by Means of which the Cock of the Barrel is moved, which is a 
plied beneath the Bottom of it. L is the Tail of the Cock, which 
is equally extended both Ways, anditto-v Pat the upper End 
of it, 1s Join d the ge ©; anammenty s upon the lower 

End of 1 It. 2 E 3 Bn 4a ——_ 2 A 

In the Poſitid „ Cock, WhIcn'1S" reſented, there is a 

Communication be nal Air, through 


> | Whilſt the Piſton 


Is depreſs'd. þ 5 BA % | 4 

:\ When the Pinto ut pla difta from | e Bottom of the 
"Bar rel, M paſles ov the Roller 2 wn. hen it has paſs'd over, O 
is a applied to the Patt i and Pe up the Roller v 
little; whereby the Pottiba ors 17 2 7 is hdeed alter d, but 
he Way, throug h which the Alt or t much narrow'd. 
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Chap. 5. Of Natural Philoſophy. 


GH: SF. . 


Several Experiments concerning the Air's Gravity, and 


it s Spring. 


E have ſhewn that Air is heavy *; it may be weigh'd like 2163. 
* other Bodies, and fo it's Denſity may be compar'd with * 2084. 
that of other Bodies &. If the Veſſel that contains the Air be * 1463. 
weigh'd, when it 1s full of Air, and again, when the Air is exhauſted, 
the Difference between their Weights is the Weight of the Air. 
But we ſhou'd make uſe of a very nice Balance. 


EXPERIMENT I. 


Having exhauſted the Air out of the Glaſs Ball G *, whoſe ſolid 2164. 
Contents are 283 cubic Inches. This is ſuſpended on the Arm B Pl. E/. F. 1. 
of the Balance AB; Weights are put into the Scale L, to make * 2151. 
an Equilibrium. The Cock E being open'd, the Air enters in, and 
the Equilibrium is deſtroy'd ; but it is reſtor'd, if about an hundred 
Grains be added to the Weight in the Scale ; ſometimes the num- 
ber of Grains, which are added, is greater, and often leſs, accord- 
ing to the difterent Temper of the Air, which undergoes Alterations, 
from the Alteration of the Weight of the Atmoſphere, and from 
other Cauſes. 

We have ſeen that Bodies immerſed in Fluids are ſuſtain'd by 2165. 
them, and more or leſs according to the greater or leſs Bulk of the 
Body *; and the Weight loſt in that Caſe is determin'd from the * 1495. 
known Denſity of the Fluid *. By the foregoing Experiment, there- * 1478. 
fore, it may be known, how much Bodies gravitate leſs in Air than 
in a Vacuum. 

Hence alſo may be deduc'd, that Bodies that are in Equilibrio in 2166. 
the Air, if their Bulks are unequal, will loſe their Equilibrium in a 
Vacuum, which is confirm'd by the following Experiment. 


EXPERIMENT 2. 

The Copper Plate e! is applied to the Plate G, of the Air- pump 2107. 

and is faſten'd by Means of the ſmall Tube K, whoſe Screw goes Pl.67.F.2. 
through the Plate. To this Plate at 7 there is faſten'd a ſhort 
Cylinder, to which the Copper Plate F H is join'd, which hinders 
the Bodies, made Uſe of in the Experiment, from touching the 

Leather Ring *, applied to the Plate G, in their Motion. * 2157, 
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At the End e of the ſame Plate, a thick Braſs Wire ſtands upon 
it, which is bent at Top, that the Plate L may be vertically join'd 
to it, which has a Hook at Bottom, and which can be rais'd, and 
depreſs'd, and fix'd by Means of the Screw u. 

A ſmall and very exact Balance is ſuſpended upon this Hook; 
the Solid D of Wax and the Leaden Weight, which together with 
their Chains are in Equilibrio, are hung upon the Balance ; and the 
Plate L is fix'd at ſuch an Height, that the Balance can only move a 
little. | 

All theſe Things are cover'd with the Glaſs Receiver R, and the 
Air being exhauſted, the Wax preponderates, it's Bulk being great- 
er than the Bulk of the Piece of Lead P, it muſt be more ſuſtain'd 
by the Air; when you let the Air into the Receiver again, the 
Equilibrium is reſtor'd. 

The Elaſticity or Spring of the Air which has been prov'd in the 
ſecond Chapter of this Book, becomes more ſenſible by the follow- 
ing Experiment, 


EXPERIMENT 3. 


Tie up a Bladder very cloſe, with a ſmall Quantity of Air in it, 
put a Receiver over it, and pump out the Air; thereby the Preſſure 
upon the External Surface of the Bladder will be diminiſhed ; and 
immediately the Air included in the Bladder will expand itſelf, and 
{well it out. 

We have ſeen that the Spring of the Air is equal to the Weight 
of the whole Atmoſphere * ; the following Experiment will make 
it viſible, . 


EXPERIMENT 4. 


Take a Bladder tied up very cloſe, and not quite full of Air, and 


put it in the Bottom of the Wooden Box A, whoſe interior Diame- 
ter is three Inches. Put on the Leaden Weight P, which weighs 
forty Pounds, and goes into the Box, only leaving Room for the 
Bladder. 

Cover the Box with a Glaſs Receiver, pretty high, that the 


Weight P may be raiſed an Inch high. 


2172, 


The Air being exhauſted, the Bladder, as in the foregoing Ex- 


periment, will ſwell out, whereby the Weight will be rais'd : if the 


Weight were as big again, it wou'd be rais'd in the ſame Manner. 
In the following Experiment we obſerve the Effects of the Gra- 
vity of the Air and it's Spring at the ſame Time. 
2 ExpERI- 
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EXPERIMENT 5 


To the Hole à in the Middle of the under Side of the Plate G 2 173. 
of the Air- pump, ſcrew on the hollow Braſs Cylinder B. This Pl. 68. F. 1. 
Cylinder coheres with the Glaſs Tube T, open at both Ends, whoſe * 2 54. 
lower End is immerg'd in Mercury, contained in the Box P. The 
Mercury is ſuſtained in the Torr:ce/han Tube i g, as was ſaid be- 
fore . The Veſſel V, together with the Tube, is put upon the * 208 5. 
Plate G, and covered with the Glaſs Receiver R. The Receiver 
is open at Top, and has the Braſs Cover E, to which the Cylinder 
C is join'd, into which is put the End of a wider Glaſs Tube D, 
which is clos'd at Top, and contains the Tube g. By theſe all 
Communication between the outward Air and the Veſſel V is taken 
away. The Air, in the Tube T, only communicates with the Air 
in the Receiver R and the Tube D, and by it's Elaſticity hinders 
the Mercury from riſing into the Tube, by the Preſſure of the ex- 
ternal Air ; the Air alſo, inclos'd in the Receiver R, ſuſtains the 
Mercury in the Tube gz by its Elaſticity . The Air muſt be * 271 5. 
drawn out from the Veſſel R; whi.it the Denſity decreaſes, the 
Elaſticity decreaſes alſo *, and the Force, by which the Mercury is & 2 og. 
ſuſtained in the Tube gz, is leſs; therefore the Mercury deſcends. 
At the ſame Time the Preſſure of the external Air overcomes the 
Reſiſtance in the Tube T; and the Mercury aſcends into the Tube. 
The Diminution of Elaſticity in the Tube T, and Veſſel R, is the 
ſame, and the Effect of the Diminution in each Caſe is the ſame : 
Therefore the Mercury deſcends ſo much in the Tube 7, as it riſes 
into the Tube T ; which agrees with the Experiment. By this 
Method the Mercury is raiſed to f, whilſt the Tube g? remains al- 
moſt empty ; the Air being again let in, the Mercury aſcends into 
the Tube gz, whilſt it finks in the Tube T. 

This Experiment confirms the Rule concerning the Elaſticity of the 2 174. 
Air, mentioned before . The Diminution of the Quantity of * 2101. 
Air, in every Motion of the Pump, follows the fame Ratio; for 
the Air contained in the fame Receiver, when the Piſton is applied 
to the Bottom, is always to the Air, which remains in the Receiver, 
after the Motion of the Piſton, as the Capacity of the Receiver, 
and the Part of the Barrel, which the Piſton has left empty, to the 
Capacity of the Receiver alone. | 

Whence we inter, that the Quantities of Air, which remain after 2 17 5. 
each of the ſucceſſrve Motions of the Piſtons, are in geometrical Pro- * 14 co, 
greſſicn ; as are alſo the Denſities &, and the Elaſticities +, which laſt + 2 109. 
is now to be confirm'd, 

ExPERI- 
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EXPERIMENT 6. 


In this Experiment we make uſe of any Receiver whatever, but 
we mult have the Tube T: In that which I ſhall now mention the 
Receiver was not very large. 

After two Agitations of the Pump, that is, after one Motion of 
each Piſton, the Height of the Mercury in the Tube T was 17, 
1 Inches; again, after two Agitations the Height was 17, 85 Inches: 
Laſtly, in two Agitations more it came to the Height of 22, 1 
Inches. 

The Height in the empty Tube was 29 Inches. 

Therefore the compreſſing Forces, which are equal to the De- 
grees of Elaſticity, were 29; 17,9; 11, 15; 6, 9 * ; which 
Numbers difter little from a geometrical Progreſſion : For if we 
ſeek two mean Proportionals between the firſt and the fourth, we 
have this Proportion, 29; 17, 97; 11, 14; 6, 9 

In the fifth Experiment we ſaid, that the Tube, enclos'd in the 
Receiver, was almoſt emptied of the Air ; for if there ſhould be 
no Air at all in the upper Part of the Tube, the Air can never be 
ſo taken out from the Receiver, as that there will be the ſame 
Height of Mercury in the Veſſel and in the Tube; if this obtains, 
as ſometimes happens to thoſe, who are leſs careful, we may be 
certain, that there is ſome Air in the Tube. | 

The Mercury which remains in the Tube, ſhews that there re- 
mains a Preſſure upon the Surface of the Mercury in the Veſſel. 

We have ſeen that all the Air can never be taken out of a Veſſel, 
by repeating the Strokes of the Pump; but yet that it can be fo 
diminiſhed, that the Denſity will not be ſenſible v. But if we 
conſider the Conſtruction of Pumps, this is manifeſt enough; that, 
when the Piſton is applied to the Bottom, all the Air can never be 
fo thrown out, fo that none at all will remain; whence it follows, 
that the Denſity of the Air in the Veſſel, wwn1ch is emptied, cannot be 
dimimſhed beyond a certain Degree; yet, if we come to compute it, 
we find this Denſity fo ſmall, that he Elaſticity wou'd be very little 
ſenſible, if it /how'd be diminiſhed with the Denſity. If a fix hun- 
dredth Part of the Air ſhou'd remain, and it appears that there often 
remains a leſs Part, the Elaſticity wou'd not ſuſtain the Mercury at 
the Height of a twentieth Part of an Inch, But we mult determine 
nicely what the Elaſticity is equal to. 

This is eaſily obtained, when in Exp. 5. we make uſe of the 
Torricellian Tube well emptied ; for then the Height of the Mer- 
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Chap. 5. of Natural Pholoſophy. 23 
cury in the Tube, after the Receiver is exhauſted, immediate! 
ſhews the elaſtic Force of the 7cmaining Air; but it is very diffi- 
cult, before Immerſion, to fill the Tube with Mercury, fo that no 
Air at all may remain 1n it. | 
We mult then uſe the Barometer. The Terricellian Tube is fo 2184. 
call'd, when it is applied to a Frame, on which are marked Divi- 
Hons at the Side of the Tube, that the Height of the Mercury in 
the Tube may immediately be known. In the Conſtruction of 
ſuch an Inſtrument greater Care 1s taken, than in filling a Tube, 
which is made uſe of in one or two Experiments. "Therefore if 
we have a Barometer, made by a good Workman, and in which 
the Diviſions accurately ſhew the Height of the Mercury in the 
Tube, the greateſt Height, to which the Mercury can rife in the 2185. 
Tube T, will be to be ſubſtratted from the knen Height of the Baro— 
meter, and the Difference will expreſs the Height, at which it can be 
ſuſtained by the Elaſticity of the Matter, remaining in the Receiver. 
But if we have not ſuch a Barometer, we may make ule of this 2186. 
Method. We may fill with Mercury a ſhort Tube, about three 
Inches long, and immerge it in Mercury, contain'd in a Veſlel, 
as was ſaid of the Torricellian Tube *; but a {mall Tube may more * 2985, 
eaſily be fill'd nicely ; and when it is once prepar'd it is eaſily kept, 
to ſerve again, as often as you pleaſe ; that, which I make uſe of, 


has been fill'd above twenty Years. Along the Tube on one Side 


there is applied a Paper, on which is drawn a Line divided into 
Inches, and ſmailer Parts; I made uſe of Rhinland Inches divided 


into Twelfths, which are call'd Lines. The Tube is faſten'd, that 
it may be vertical. 


EXPERIMENT 7, 

Theſe Things being thus prepar'd, the ſmall Veſſel V with it's 2187. 
Tube A B, is covered with any Recciver whatever; the Air being Pl.69.F. 1. 
exhauſted as much as poſſible, the Height of the Mercury is mcu- 
ſured by help of the Diviſions join'd to the I ube. 

This Height is very different according to the different Temper 2188. 
of the Air, and always greater when it is moiſt. In which laſt Cate 
the Height is ſon.et:imes ſeven Lines, that is, it exceeds half an 
Inch; at other times, the Height is leſs than a Quarter of an Inch, 
but this ſeldom happens. 

When, the Elaſticity of the Air can be no further diminiſhed, by 
repeating the Strokes of the Pump; which is known, when the 
Mercury ſinks no more in the faid Tube, or when it is no longer rais'd 
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in the Gage of the Pump, we muſt not conclude, that the Denſity 
of the Air cannot be dimtnithed any more. 

The Experiment co:..crmmg Sound, which we ſhall explain in 
what follows *, evidently thews, that the Denſity is diminiſhed, 
by continuing the Strokes oi the Pump, whilſt the Gage is not al- 
ter'd at all; which follows, from a very remarkable Property of fe 
Matter, which remains en the Receiver; for this Matter, although it 
be dilated, keeps it's Elaſticity ; as has been ſhewn above *, and is 
immediately demonſtrated by Experiment. 


EXPERIMENT 8. 

We make uſe of the fame Tube A B together with it's ſmall 
Veſſel V, and us'd in the laſt Experiment, and cover it with a leſs 
Receiver, which may be done. The Receiver is ſo diſpos'd, that 
it may incloſe the Hole @ in the Middle of the Piate G. Into this 
Hole 1s put the Screw, cohering with the Bottom of the Syringe P, 
which is join'd to the Plate by Means of it. The P iſton fills the 
Syringe nicely, ſo that the Air cannot paſs by; but the Air can go 
freely through the Hole in the Bottom from the Receiver into the 
Syringe. 

The Air being exhauſted, ſo that the Height of the Mercury in 
AB might be two Inches, I ſtopt the Communication between the 
Barrels, by which the Air is exhauſted, and the Receiver ; but the 
Piſton of the Syringe P being depreſs'd, the Deſcent of Mercury in 
the Tube AB was four Lines; that is, it was equal to a ſixth of the 
whole Height. 

Continuing to empty the Receiver, the ſmalleſt Height, to which 
the Mercury in the Tube cou'd be reduc'd, was ſix Lines: The 
Communication with the Barrels, by which the Air is taken out, 
being now ſtopt again, and the Piſton of the Syringe being de- 
preſs'd, no Alteration at all cou'd be perceiv'd in the Height of the 
Mercury in the Tube; according to the Rule * the Mercury ſhou'd 
have been depreſs'd the twelfth of an Inch. 

The elaſtic Matter, produced from Water, has this Property alſo, 
that the Elaſticity is not diminiſhed with the Denſity, as was ſaid in 
N. 2131, 

| | EXPERIMENT 9. 

A ſpherical Glaſs Veſſel, which has a long Neck, is inclos'd in a 
higher Receiver (as the Upper Receiver R in Fig. 2. Plate 71.) and, 
the Air being exhauſted, it 1s left for ſome time, that the greater Part 
of the Matter mentioned may go out of the Water. 
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Chap. 5. of Natural Philgſophy. 
The Receiver being taken away the Veſſel is inverted, and the 


Aperture of the Neck is immerged in a Glaſs, containing Water, 
but which is alſo clear'd in Part of the ſaid Matter. The Veſſel 


remains full of Water *. This is covered with the Receiver toge- * 


ther with the Glaſs; and the Air is drawn out, 'till the Surface of 
the Water in the Neck of the Veſſel agrees to the Surface of the 
Water in the Glaſs. The Elaſticity of the Matter remaining in the 


Receiver is meaſur'd *, This is equal to the Elaſticity of the Mat- 


ter, which, during the Evacuation, went out of the Water into 
the Veſſel; for if this Matter ſhou'd not fo preſs the Surface of the 
Water in the Neck of the Veſſel, the Water by it's Preſſure upon 
the external Surface wou'd riſe into the Neck *. 

The Air being let into the Receiver, the Water riſes into the 
Veſſel, and the elaſtic Matter is reduc'd into a ſmall Bubble; which 
if we meaſure, we find the Dilatation of the Matter in the Expe- 
riment ; by comparing the Magnitude of the Bubble, with the Mag- 
nitude of the Veſſel itſelf. 

By ſuch an Experiment we often find that ſuch a Bubble is di- 
lated ten thouſand times, or fifteen thouſand times, and more. 

But the Elaſticity in theſe Experiments is always ſufficient to ſuſ- 
tain a Column of Mercury, which is not leſs, and frequently greater, 
than an hundredth Part of that, which is ſuſtained by the Weight 
of the whole Atmoſphere. 

By the following Experiments we ſhall illuſtrate ſome other Phæ- 
nomena, which depend upon the Weight, or Elaſticity of the Air. 


EXPERIMENT 10. 

If the Piſton of a Syringe be applied to it's Bottom, and a 
Tube join'd to the Syringe be immerg'd in Water ; the Water, if 
the Piſton be rais'd up, will follow it, and fill the Cavity between 
the Bottom of the Syringe and the Piſton. | 

It is manifeſt that this Aſcent is to be attributed to the Preſſure 
of the outward Air; for this Reaſon, the Water does not riſe into 
the Syringe in a Vacuum ; becauſe this Preſſure is wanting. 


EXPERIMENT II. 
Join the Glaſs Tube bc to the Syringe A, which is faſten'd to 


the Braſs Cover O, with which the Glaſs R to be exhauſted is cover'd, Pl. 6. F. 4. 


the End c of which Tube deſcends below the Surtace of the Water, 
contain'd in the Veſiel V; thruſt down the Piſton to the Bottom 
of the Syringe, and let the Air be pump'd out of the Receiver. It 
then you pull up the Piſton, the Water will not rite. 

Vor, II. | E The 
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The Force, by which the Air preſſes upon Bodies, often breaks 
them, when the Preſſure is not equal every Way. 


EXPERIMENT 12. 

The Braſs Cylinder, or truncated Cone, A, is cover'd with a 
flat Piece of Glaſs, and the Ingreſs of the Air is hinder'd by putting 
Wax round it; if the Air is pump'd out of the Cylinder, the Plate 
of Glaſs will be broken by the Preſſure of the external Air, and re- 
duc'd into a kind of Powder, if it be not too thin; if it be too 
thick it ſuſtains the Preſſure without breaking. 

Though the Air preſſes downwards, yet ſometimes ſome Parts of 
the Glaſs are thrown ſide-wiſe with great Force, ſo as to endanger 
the Eyes of thoſe that ſtand by ; therefore we cover the Cylinder A 
with the Receiver R. And that the ſmaller Pieces of Glaſs may be 
taken away, and that no Piece may get into the Pump, I cover the 
Plate G of the Pump with Paper. The Paper has a Hole in it in 
the Place, that anſwers to the Hole, through which the Air goes 
out; ſo that the Paper does not hinder the Braſs ſolid Piece B, whoſe 
Screw D anſwers to the Screw in the ſaid Hole, from being join'd 
to the Plate G. To the fame Solid, by Means of the Screw C, is 
join'd the ſmaller Braſs Plate O, of the ſame Kind as thoſe that cover 
the Glaſſes, as in Fig. 4. of this Plate. The ſolid Piece B has a 
Hole in it, and into the upper Part of the Hole is put the ſmall 
Pipe E, which is bent at 7. With a Leather, prepar'd, as was faid 
of the Rings *, we cover the Plate O, and put the Cylinder A up- 
on it; ſo that this Plate receives no Damage at all. 

If the Glaſs ſuſtains the whole Weight of the Atmoſphere, you 
muſt give it a gentle Blow; for this Reaſon we make Ule of a Re- 
ceiver open at Top, as R. 


EXPERIMENT 12. 


Take a Syringe A of the Diameter of three Quarters of an Inch; 
puſh down the Piſton to the Bottom of it, and ſtop the Hole at the 
Bottom of the Syringe ; if the Weights P, p, which together are 
equal to five Pounds, be join'd to the Syringe, and the Handle B 
of the Piſton be held in the Hand, the Syringe will not deſcend, 
although it be ſuſtain'd itſelf, together with the Weights ; for it can- 
not deſcend, unleſs the Weight hung on it overcomes the Preſſure 
of the Air, which exceeds fix Pounds. If inſtead of five we hang 
on ſix Pounds, the Syringe will deſcend ; becauſe to the fix Pounds 
there is ſuperadded the Weight of the Syringe. Care mult be taken 
that the Friction of the Syringe be very ſmall. 
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EXPERIMENT 14. 
The Syringe deſcends by it's own Weight, in a Vacuum. 


220%. 
Pl. 68. F. 4. 
EXPERIMENT 15. 
We ſee a more ſenſible Effect of the Preſſure of the Air, when 2208. 
the two Segments of a Sphere, H and E, are join'd together. Let Pl. 69. F. 2. 


the Brim or Edge of each of them be well poliſh'd, ſo that they may 
fit together, and, when they are applied cloſe, put a little Wax be- 
tween, to exclude the Air. There is a Cock in the Segment I, 
by which the two Segments, when joined together, may be applied 

to the Air-pump *, and which muſt be ſhut, when you have ex- * 21 53. 
hauſted the Air. The Segments are ſuſpended by the Ring A, and, 
by the Ring Q, you may hang to them the Weights that are laid 
upon the great wooden Scale T. If the Diameter of the Segments 
be three Inches and an half, a Weight of about 140 Pounds will be 
requir'd to pull them aſunder. 

We make Ule of the Machine with three Legs beforemention'd *, 2209. 
and apply the Ring A to the Hook V, which can be rais'd and let * 1441. 

down, that the Scale T may be ſuſpended at a ſmall Diſtance from 
the Ground. The Ring Q is put into the Hook G, which coheres 
with V by a ſmall String, that the Segment E may not fall down, 
and receive Damage. TE 

The Scale T together with its Chains weighs fifteen Pounds, we 2210. 
put on an hundred and twenty five Pounds, and the Segments are 
ſeparated, if the Height of the Barometer be leſs than twenty nine 
Inches; ſome Weight muſt be added, when the Preſſure of the 
Atmoſphere is greater. 

If theſe Segments are hung up in a Vacuum, they will be ſepa- 
rated by ſo ſmall a Force, as is requir'd to overcome the Coheſion 


of the Wax. 


EXPERIMENT 16. 


On the Plate G, of the Air-pump, is put the Wooden Ring BB, 2212. 
which is ſupported by three Feet; the braſs, bent Plate D ſtands Pl. 69. F. 3. 
upon it, which makes a kind of Handle, and is faſten'd by Screws, 
one of which is ſeen at 7. In the upper Part of the Handle there 
is faſten'd the Hook V, on which are hung the Segments H and E, 
join'd together, and exhauſted, as in the laſt Experiment. 

Then a Collar of Leathers is join'd, at Bottom, to the Plate G*#. 2213. 
The Braſs Wire F C paſſes through it; whoſe End C with the Ring * 2155. 
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of the Segment E is join'd to a Hook made of a ſmall Braſs Wire, 
as is repreſented at N, in Figure 4. 
All theſe Things are inclos'd in the Receiver R, and the Air is 


exhauſted; and the Segments are very eaſily ſeparated, by pulling 


the Handle M downwards. 
The Ring BB hinders the lower Segment, when it falls, from 
breaking the Glaſs R, or damaging the Plate G. 

A Force, equal to that, which was applied in the laſt Experi- 
ment but one, 1s requir'd to ſeparate the Segments mentioned, 
when they are inclos'd in a Veflel, and Air being left between the 
Segments of the ſame Tenor as the external Air, and the Cock be- 
ing ſhut, the Air in the Veſſel is brought to a double Denſity. 


A MACHINE, 
Whereby Experiments are made in condens d Air. 


This Machine is of Braſs, and conſiſts of the Hollow Cylinder 
MN, whoſe Diameter is fix Inches, and Height eight, or ten 
Inches. It's Baſes are made of thick Metal; to theſe are join'd the 
Rings & and d, which ſurround the Cylinder, that the Machine 
may the better reſiſt the inward Preſſure ; for the ſame Reaſon the 
Ring c is alſo ſolder'd to the Middle of it, with which in the up- 
per Part the Cock B coheres, and at Bottom the perforated Piece 
(s Fig. 4.), that by Means of a Screw the Collar of Leathers may be 


„ 2155. Join'd to the Machine *®. When we don't uſe the Collar of Lea- 


thers, we cloſe the Hole with a plain Stop. | 

The fore-part of it, which is repreſented ſeparately at C, has a 
Hole, whoſe Diameter is four Inches. This Hole is ſurrounded by 
the Prominence o, and at a ſmall Diſtance from it the four Screws 
7, 1, i, i, go into the Bale. 

This Hole is clos'd by a Cover, whoſe Inſide is repreſented at D; 
and it's Outſide is ſeen at Fig. 1. 

To the Inſide of this Cover, which has a Hole in it, the Glaſs 
Plane X is applied, whoſe Diameter 1s three Inches and an half, 
and which is more than a third of an Inch thick. The Diameter 
of the Hole, ſtopt by this Glaſs, is leſs than three Inches. The 
Cover 1s made hollow, to receive the Glaſs ; but by Reaſon of the 
Thickneſs of the Glaſs, the Metal muſt be pretty thick round it, 


and the Glaſs is encompaſs'd with a Kind of Ring, that it may be 
faſten'd with Cement, 
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ſaid above. Whilſt the Piſton is thruſt in, it's Tail D is put * 2141. 


Chap. 5. of Natural Philoſophy. 

In the oppoſite Baſe, there is a like Hole, which is clos'd in the 
Infide, in the fame Manner, by a like Glaſs Plane. 

The Hole C is clos'd by the Cover D, as was ſaid, which that it 2219. 
may be done exactly, the Ring, ſurrounding the Glaſs, is encom- 
paſs'd with the Groove n. Into this Groove is put a Ring of 
Leather, which covers the Bottom of the Groove, and is of the 
ſame Breadth. The fame Thing muſt be obſerv'd with reſpect to 
this Leather, as was upon another Occaſion &. 

When the Cover is applied to the Hole C, the four Screws 
i, 1, 1, 7, go through as many Holes in the Cover itſelf, and the 
Ring oo goes into the Groove Nn, and compreſſes the Leather in the 
Bottom of it ; the external Screws (e, e, e, e, Fig. 1.) are join'd to 
the Screws 2, 2, 2, i, and the Cover, by Means of them, is well 
faſten'd on; but the Ring oo ſtands out in ſuch Manner, that it 
alone immediately touches the Cover; fo that the Leather ſuſtains j 
the whole Compreſſion. 0 

This Machine is join d to the wooden Stand FF, which is put 2220. 
upon another Stand G alſo, from which it is eaſily remov'd. Pl. 70. F. 1. 

When the Air is to be compreſs'd, we make uſe of the Syringe 2221. 
A, from which the Bottom B may be ſeparated. The Piſton E PL71.F. 1. 
fills it's Cavity exactly; the Leathers z z, are ſo diſpos'd, that the 
Piſton muſt be thruſt in through the Hole p, the Bottom being 
taken away ; the ſame muſt be obſerv'd of theſe Leathers as was 


29 


* 1430. 


through the Hole in the Cover C, which is applied to the Syringe ; 
that this may be done the Handle M 1s ſeparated from it, which is j 
again join'd to it, and retain'd by the Screw u. 55 

After the Piſton is thruſt in the Bottom B is added to the Sy- | 
ringe, and a Leather Ring * being put between, it is well faſten'd by * 1 438. 
the help of Keys, one of which is join'd to the Cover, and the 
other to the Syringe itſelf at f. 

At f there is applied a ſmall Leather Valve, that the Air may go 2222. 
out of the Syringe, through the Hole in it's Bottom, but not get | 
into it : For this Reafon, when the Piſton is remov'd from the Bot- 
tom, the Syringe remains empty, till the Piſton comes to the Top; 
but then the Air enters through the Hole . When a Syringe is 
us'd, whoſe Bottom can't be taken off, there is a peculiar Method 
of thruſting in the Piſton ; I generally prefer the Syringes whoſe | 
Bottoms may be remoy'd, excepting ſuch as are us'd in Air-Pumps. | 

The Syringe is join'd to the Cock B, of the Cylinder MN, the 2223. | 
mercurial Gage K being put between. This conſiſts of a Glaſs * Pl. 70. F. 1. 
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of a very ſmall Bore, and contains a ſmall Quantity of Mercury, 
which Compreſles the Air in the hinder Part of the Tube, as much 
as that, in the Machine itſelf, is compreſs'd, But the Degree of 
Compreſſion in this Tube is eaſily meaſur'd. 

The Machine is now to be taken from it's Stand G, the Cock B 
being open'd. The Perſon, who undertakes to compreſs the Air, 
ſets his Feet upon the Boards F, F; and raiſes, and depreſſes the 
Piſton, and, by continuing this Motion, compreſſes the Air in the 
Veſſel as much as he pleaſes ; then the Cock B is ſhut. The Ex- 
periment being ended the Air muſt be let out through the Cock, be- 
fore the Screws, which keep on the Cover, are looſen'd. 


EXPERIMENT 17. 

Join together the Segments H and E * ; and ſuſpend them in the 
Cylinder MN, by help of the folid Piece P, which is fixed in the 
upper Part of the Cylinder, by help of the Screw p, which goes 
into the lower Part of the Cock B; this Piece has a Hole in it, 
that the Air may go through the Cock, into the Cylinder. 

The Collar of Leathers I is join'd at s to the Machine *. The 


| Braſs Wire, which goes through this Collar, muſt be thicker, than 


2226. 
Pl. 70. F. 4. 
2219. 


P2225; 
* 2209. 


in the other Experiments. 

To the End of this Wire, which goes into the Cylinder, is join'd 
the Piece R, into which this End, which has a Screw, is put. 
This Piece is eaſily join'd to the Segment , as the Figure ſhews. 

The Cock of the Segment H is ſhut, that the Air may not get 
between the Segments; for which Reaſon Wax is put round it, as 
in the foregoing Experiments. 

Things being thus diſpos'd, the Cover is applied to the Cylinder *, 
and the Air is compreſs'd. The Syringe with it's Gage is remov'd +, 
and, the Ring A being join'd to the Cock B, the Machine is ſuſ- 
pended by the Hook V, as was ſaid of the Segments above “. 

To the lower End L. (Fig. z.) of the Wire that goes through 
the Collar of Leathers, there is join'd a Ring alſo, on which the 
Scale T is ſuſpended. 

By putting Weights upon this Scale, the Segments in the Cylin- 
der are ſeparated. If the Denſity of the Air in the Cylinder be 
double, the Weight will not differ much from that, which was 
us'd in the laſt Experiment but one ; the Weight muſt have been 
doubled, if the Denſity of the Air had been triple, or if the Seg- 
ments had been exhauſted, 
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But Care muſt be taken, 1. That the Screw D C be fo diſpos'd, 2225. 
that the Scale I may deſcend but a little before it be put upon the 
Ground; otherwiſe the ſolid R (Fig. 3.) would run againſt the 
inner Surface of the Cylinder with too great a Force, 2. That two 
Sponges are plac'd, ſo as to receive the Segment H, that it may not 
be damag'd. 

EXPERIMENT 18, 

Apply the Pipe AB to the Plate G of the Air-pump, which Pipe 2228. 
has a Cock at it's lower End, and to which is join'd, at Top, the i. F.. 
ſmaller Pipe C, which riſes above the Plate. The Pipe D is ap- 
plied to the Hole through which the Air is taken out. The Glaſs 
Receiver S is put upon the Plate G, in ſuch Manner, that the Pipe 
C may anſwer to the Middle of it. Upon the Receiver 8 is put the 
Receiver R, that we may have an Height of about three Feet. 

The End A, of the Pipe AB, is immerg'd in Water, contain'd in 
the Veſſel V, and the Receivers R and S being exhauſted, the Cock 
is open'd ; the Water will ſpout up into the Receiver with a great 
Force; namely by that Preſſure, with which it can be ſuſtain'd in 
a Pipe that has no Air in it, at the Height of thirty two Feet -x. 1089. 


| EXPERIMENT 19. 

The Air's Elaſticity produces the fame Effect. Let there be a 2229. 
Braſs Cylinder V, exactly clos' d. There muſt be a Hole in the PL71F.3. 
Bottom to pour in Water, which afterwards you ſhut up with a 
Screw. To the upper Part of the Veſſel there is ſolder'd a Pipe, 
which goes down almoſt to the Bottom ; and to the other End of 
it, that ſtands above the Veſſel, the Cock E is join'd. By help of 
a Screw this Veſſel is fitted to the lower Side of the Plate G of the 
Air-pump ; there 1s alſo here a prominent Pipe C, which 1s co- 
ver'd with the Receivers, as in the foregoing Experiment. If the 
Air be exhauſted from them, and the Veſſel V is about two Thirds 
full of Water, when you open the Cock, the Water will violently 
ſpout up into the Receivers, by the Force of the Spring of the Air 
contain'd in the upper Part of the Veſſel V. Here the Air preſſes 
upon the Surface of the Water; when you open the Cock, the 
Preflure in the Pipe becomes leſs, therefore the Water muſt go into 
the Pipe. 

EXPERIMENT 20. 

Even in the open Air, the Water will violently ſpout out of the _ 2239-- 
Veſſel V, if, having pour'd in Water, as in the 17th Experiment, Pl71 F. 4. 
the Air be forc'd into the Veſſel, by the Syringe above-mention'd *. 222 J. 

| EXPE- 
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EXPERIMENT 21. 

If a Glaſs inverted be immerg'd in Water, the Air keeps out the 
Water, at whatever Depth it be immerg'd ; yet the deeper the 
Glaſs is put down, the leſs Space the Air is reduc'd into. 

Upon this Principle are made the Machines in which Divers 
down into the Sea, They are made like Bells, and deſcend by 
their own Gravity ; the Water does not riſe up to the Diver in the 
Bell ; freſh Air is ſent down continually by the Bladders tied to a 
Rope, which he draws down to him ; the Air, heated by his Re- 
ſpiration, riſes to the upper Part of the Bell, and is there driven 


cout through a Cock, by the Preſſure of the Water, that puſhes up, 


* 1468. 


2233. 
Pl 72.F. 1. 


2234. 


and compreſles the Air in the lower Part of the Bell; which Preſ- 
ſure overcomes the Force with which the Water endeavours to de- 


ſcend through the Cock; for the Preſſure of Fluids is encreas'd in 
Proportion to their Depths &. 


EXPERIMENT 22. | 

Take little Figures of Glaſs that are made hollow, of an Inch and 
half long, repreſenting Men ; theſe little Images have a ſmall Hole 
in one of their Feet, and are lighter than Water. Immerge them 
into the Water contain'd in the Glaſs AB. This Glaſs is about a 
Foot, or 15 Inches high. This is put upon the Plate G of the 
Air-pump, and cover'd with the Receiver R. A Part of the Air 


being exhauſted, it goes out of the little Images alſo, whoſe Place 


is immediately taken up by the Water, when the Air is let into the 


Receiver again ; the Images are now heavier, and go to the Bottom. 
Some of the Air being again exhauſted, the Preſſure upon the Sur- 
face of the Water is diminiſhed, and the Air in the Images expands 
itſelf, and drives out the Water, and the Images riſe up again, and 
have ſeveral Motions, when the Pump is mov'd. 


ExPERIMENT 23. 

We may make Uſe of this Glaſs Veſſel with the Figures in it, in 
another Manner, without the Air-pump. It is fill'd with Water, 
and cover'd with a Bladder, which is tied faſt to the upper Part of 
the Veſſel. If the Bladder be preſs'd with the Finger, the Surface 
of the Water is compreſs'd more; and this, being more comprels'd, 
enters into the Images through the Holes in their Feet, and com- 
prefies the Air more in them. The Images being made heavier, 
go to the Bottom of the Veſſel, faſter or ſlower according to the 
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Chap. 5. of Natural Philoſophy. 33 
Bigneſs of the Hole, and alſo according as the ſpecific Gravity of 

the Images comes nearer to the ſpecific Gravity of the Water. 
Taking away your Finger, the Air in the little Men, being leſs com- 

preſs d, expands itſelf, and drives out the Water, and the Images 

riſe up again to the Surface of the Water, as in the laſt Experi- 

ment, 


EXPERIMENT 24. 

Animals cannot live without Air. If any Animal be included 2235. 
in the Receiver V, and the Air be drawn out, the Animal will im- PI. 2. F. 2. 
mediately be in Convulſions, and will fall down dead, unleſs the 
Air be ſuddenly re- admitted. Some Animals will live in a Vacuum 
longer than others. The Bodies of the Animals are ſwoln, whilſt, 


the external Preſſure being taken away, the Air, or ſome elaſtic 
Fluid, expands itſelf in the Veſſels. = 


EXPERIMENT 25. 


Some Fiſhes alſo cannot live without Air; but in others you ſee 2226. 
no ſuch Change, but the ſwelling of their Eyes. What Experi- Pl. 72. F. z. 
ments you make upon Fiſhes, muſt be made in the Glaſs Receiver 
V, which is ſet upon the Plate of the Air-pump, and which con- 
tains the Water with the Fiſhes. This is covered with the Re- 
ceiver R, and the Air is exchanged. The Preſſure of the Air upon 
the Surface of the Water being taken away, the Air in the Body 


of the Fiſh expands itſelf, by which it becomes lighter, and can- 
not deſcend in the Water. 


EXPERIMENT 26. 

Experiments are made upon Animals in compreſs d Air, by Help 2237. 
of the Machine above-deſcrib'd &. In that Caſe Animals do not * 2216. 
ſoon die ; becauſe the Veſſels in the Body are not broken, by com- 
preſſing the Air; the Animals become rather briſker. Yet if they 
continue long in that condenſed Air, it is hurtful to them ; and in 
a greater Compreſſion, they will die in a little Time. 


EXPERIMENT 27. 
We may ſee what happens to the Veſſels of an Animal, in com- 22 38. 
preſſed Air, if we ſuſpend a Bladder blown up, and well clos'd, in 
the ſaid Machine . When the Air is compreſs'd, it becomes flac- # 2216. 
cid; but, when the Cock is opened, it ſuddenly expands itſelf. 
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EXPERIMENT 28. 

From ſeveral Fluids, when they are put under a Glaſs Receiver, 
and the Air is exhauſted, an elaſtic Fluid is ſeparated. In this Caſe 
we always obſerve an Ebullition of the Fluid, which is often very 
violent. 

In the eighth Chapter of the firſt Book, I mentioned an Expe- 
riment concerning Bodies falling in a Vacuum *, I ſhall now ex- 
plain it. 


A MACHINE, 
Wiereby two Bodies are let down in Vacuo, at the ſame Time. 


This Machine is joined to the Cover of the Receiver. The up- 

r Surface of this Cover is ſeen at Fig. 1. the lower Surface at 
Fig. 2. The Machine itſelf, is repreſented ſeparate from the 
Cover, in the other Figures. 

The Braſs Plate A is hexagonical, the Angles being cut off, and 
it is perforated in ſeveral Places, to make it lighter. The Axis 
a e is perpendicular to it, behind it, whoſe Part 4 6 is cylindrical, 
and the Part be ſquare, but the End e makes a Screw, which the 
Nut c fits. 

To the ſame Plate, which is repreſented at B, at the fore Part 
of it, are applied ſix ſmall Braſs Plates E, E, E, E, E, E; which 
are bent, and elaſtic. One of theſe Springs is repreſented ſepa- 
rately at CD; towards C there are two ſmall Holes, through 
which the Screws u, n go, that the Spring may be faſtened in it's 
Place. The End D agrees to a Side of the Hexagon, and preſſes 
the Plate B by it's Elaſticity. 

The Spring CD is perforated at o; and through this Inciſion 
paſſes the ſmall Plate i, which coheres with the Plate B, and turns 
upon a Center. Every Spring has ſuch a ſmall Plate, which 1s ſeen 
more diſtin&ly in Fig. 5. AB repreſents a Section through the 
Center of the hexagonical Plate, in ſuch a Poſition, that this Sec- 
tion, which we ſuppoſe vertical, paſſes through the Inciſions of 
the two Springs E and E. The Plates, of which we are ſpeaking, 
are repreſented at i, i; a Piece p paſſes through each of them, 
which is prominent on both Sides, 

The Plate of the lower Spring acquires an horizontal Poſition 
by it's Gravity; becauſe the Piece p is ſuſtained by the Spring it- 
ſelf, If, when the Plate is in this Poſition, it be preſſed down- 

wards, 
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wards, the End D of the Spring is ſeparated from the Plate A B 
by the Action of this Piece. 

Upon the ſquare Part of the Axis above-mentioned of the Plate 22 46. 
AB , is put the ſmall Wheel R, which has Teeth, and which is & 22 42. 
repreſented ſideways at ; the Teeth of it are oblique, that they 
may anſwer to the Screw which we ſhall ſpeak of preſently. We 
have a Section of this little Wheel, joined to the Axis, and faſtened 
by the Screw ec, at 7. 

That this Machine may be faſtened to the Cover, there is a C- 2247. 
linder HN, which is joined to the Bottom of it, and which ends Fig. 2. 
in the ſpherical Head I, two Segments at oppoſite Parts being cut 
off; this Head is perforated at 5s; through which Aperture is put 
the Axis ab (Fig. 3, 5.) before the Wheel r is joined to it, and 
faſtened. 

To the fame Cylinder H I, is added the Screw G, which is re- 
tained between the Plates L and M; the Part g paſſes through the 
Hole f, and h through the Hole d. The Spiral of this Screw 
agrees to the Teeth of the Wheel, ſo that, by turning the Screw 
about it's Axis, the Wheel is mov'd, and the Plate AB (Fg. 5.) 
with what is joined to it is turned round. 

The ſmall Pipe X goes through the Cover, and is folder'd to it, 
to which the Screw G ſo anſwers, when it is fix'd in it's Place, that 
It's Axis, if it be conceived to be continued, coincides with the 
Axis of the Pipe. 

The Part P of the Key FP fills this Pipe, and indeed ſo exactly, 2249. 
that the Air cannot paſs by, whilſt the Key is turned round, which 
ſhou'd be anointed well with Oil and Wax. 

This has a Roller in it's lower Part at , which Hole is ſquare, 
into which goes the Part / of the Screw, which is alſo ſquare, and 
fits the Cavity. 

All the Parts are repreſented join'd together in Fig. 1. beſides 2250. 
thoſe, which we have hitherto explained, there is a Collar of Lea- Fig. 1. 
thers *, which is put upon the Cover, and ſolder'd to it, through + 21 56. 
which the Braſs Wire S T paſles, to whoſe End is joined the Plate 
V at right Angles to it. 

To know where this Collar of Leathers muſt be fix'd, turn the 
Key F till you bring the lower Side of the Hexagon A into an 
horizontal Poſition ; then the ſmall Plate 7, which goes through 
the lower Spring E, will be horizontal alſo “; the Plate V {hou'd “ 2245. 
now anſwer to 7, ſo that, by puſhing down the Wire 8 T a little, 2251. 
the Spring may be ſeparated from the Plate A, as was before ex- 
plain'd *. FA ExpE- 2245. 
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®. 21:25; 


* 2156. 


* 2241, 
9 A305. 


Mathematical Elements Book IV. 


EXPERIMENT. 

That this Experiment may be the more conveniently made, 
the Air- pump is taken off from it's Stand, and is laid upon the low 
Stand 8 8. 

At the Sides of the Plate G, upon which the Glaſſes, which 
are exhauſted, are laid, are faſtened two wooden Pillars AE, 
A E, the Feet of which go through the upper Board of the Air- 
pump, and are faſtened by Wedges, as f. 

The Pillars are above five Feet high; theſe are a by four 
Pieces of Wood, BB, CC, DD, EE. The Diſtance between 
G and BB is nine, or ten Inches; BC, CD, DE, are each equal 
to 18 Inches. 

Theſe Pieces of Wood are broader in the Middle, that there 
may be an Aperture, or round Hole in each, whoſe Diameter is 
equal to five Inches and an half. 

Four Glaſs Cylinders F, F, F, F, are made uſe of ; the inward 
Diameter of each is four Inches, and the Height a Foot and an 
half. The upper Hole of every one of them is encompaſs'd with 
a round Piece, with which coheres an horizontal Ring made of a 
Plate of the fame Metal, that, when Leather is put between *, 
one Glaſs may be ſet upon another. Theſe four Cylinders are put 
one upon another, and make, as it were, one hollow Glaſs Co- 
lumn, which paſſes through the Holes in the Pieces of Wood. 
This Column muſt be fo plac'd, that it may go through the Mid- 
dle of all the Holes, as near as poſſible ; to effect which the Poſi- 
tion of the whole Column muſt frequently be altered a little ; for 
this Reaſon the loweſt Cylinder 1s laid upon the Plate G, without 
putting a Leather between ; but, after the Cylinders are fix'd, the 
Air is hinder'd from getting between the Plate and the Brim of the 
Cylinder, by putting Wax round it“. The Cylinders are faſtened 
by Means of the little Wedges x, x, x, &c. made in fuch Man- 
ner, that they may ſuit the Glaſs and the Hole, 

The Glaſs Receiver R is laid upon the uppermoſt Cylinder; the 
Bottom of it is cylindrical, and this Part of it anſwers to the Cy- 
linders mention d. The Diameter of the Receiver in the Middle 
is about ſeven Inches; and the upper Hole is of five Inches Dia- 
meter. This Aperture is clos'd with the Cover above-mention'd &, 
Leather being put between *, and the Machine, there explain'd, 
is then inclos'd in the Receiver; but the Bodies, to be let down in 
Vacuo, muſt firſt bo join'd to the Machine, 

To 
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To do this, we put a Piece of Gold Coin ↄ together with a ſmall 2253. 
Feather between a Spring, as E, and the Plate B; both which Pl.73.F.4. 
Bodies are retain'd by the Preſſure of the Spring, if the Tail of the 
Feather is of the ſame Thickneſs as the Money ; wherefore, that 
we may make uſe of a lighter Feather, we muſt chooſe a thin 
Piece of Money (for Example, à Ducat.) Each of the Springs 
ſhou'd retain Bodies like theſe, in the fame Manner. 

The Air is exhauſted from all theſe Glaſſes, and by thruſting 22 54. 
down the Braſs Wire 57 a little, the lower Part of the lower Spring Pl.72.F.4. 
is ſeparated from the Plate, to which all the Springs are applied , * 2251. 
and both the Bodies, which are held by the Spring, are let looſe 
at the fame Time; and they come to the Plate G exactly at the 
ſame Time allo. 

The Experiment is eaſily repeated; the Key f is turned about, 2255. 
that another Spring may come to the lower Place *; and thus it * 2248. 
may be repeated ſix Times. If during theſe Repetitions ſome Air 
be let in, a Difference in the Time of the Fall of the Bodies is per- 
ceiv'd, and the Difference is the greater, the more Air is let in. 

A Spectator will ſee the Bodies falling, if he be at ſuch a Diſ- 
tance, as to perceive all the Glaſſes at one View, if he be at a leſs 
Diſtance, let him keep his Eyes on the Plate G. 

A more ſimple Method of repeating the Experiment, may in- 2256. 
deed be us'd ; but I think this, which I have made uſe of, the beſt 
Method of letting looſe the Bodies, at the ſame Time, that they 
may fall directly down, and ſeparately. But the following Method 
is very ſimple, if the Bodies are to be let down only once. 

The Receiver R in this Caſe is remov'd, the upper Cylinder alſo 2257, 
may have a ſmaller Aperture. 

This upper Cylinder is clos'd with the Braſs Top O, to this is Pl. 73. F. 6. 
Join'd a Collar of Leathers A *, by Means of the Screw B, which * 2155. 
goes through the Cover in ſuch Manner, that the elaſtic, bent 
Plate DE is join'd to the Cover by Means of it, which Plate is per- 
forated at Top, over which Aperture is folder'd the Ring C, into 
which the Screw B goes. 

The extreme Parts 7 7 of the Plate, come together by Means of 
their Elaſticity, the Ends being a little bent. 

In this Plate is inclos'd the oval, Braſs Plate F, whoſe ſmaller 
Diameter may be contained within the Plate D E, without ſepa- 
rating the Ends of it. 

Within the fame Plate DE, the Braſs Wire GI goes, which 
paſſes through the Collar of Leathers A, and therefore alſo . 

I 
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the Cover O. To the lower End I of which Wire G1 the ſaid 
Plate F is join'd, which may be mov'd by Means of the Handle 
Q and turned round, whereby the Ends v, 7, of the Plate DE 
are ſeparated ; becauſe the longer Diameter of the oval H exceeds 
the Diftance between the oppoſite Parts of the Plate, when it's 
Extremes r, r, are join'd by Means of the Elaſticity ; between 
theſe the Gold and Feather are put, when the Experiment is to be 
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ExPERINMENT I. 


2258. ET one End a, of the Curve Tube 3 86 be immerged in 
Pl. 74. F. I. 6 Water, whilſt the other End & deſcends below the Surface of 
the Water, If by ſucking, or any other Way, the Air be taken 

out of this Tube, the Water will run N 6, This Inſtrument 

is called a Syphon. 

2259, his Effect ariſes from the Preſſure of the Nx, which drives on the 
Water ! in the Syphon, by it's Preſſure — * Surface of the Water 

in the Veſſel. The Air does alſo preſs againſt the Water that goes out 

of the Orifice &, and ſuſtains it. Theſe Preſſures are equal, and act 
contrariwiſe in the upper Part of the Syphon, with a Force equal 
tothe Weight of the Atmoſphere, taking away the Weight of the 
Pillars of Water which are ſuſtained by the Preſſure. The Pillar 
gory: the Water in the Leg 8 5, is longer than the oppoſite Pillar of 
Water; therefore, the Preflure of the Air is more diminiſhed on 


the Side 5 8, and the oppoſite Preſſure overcoming it, the Water 
| > You . * 


12 ExPEALME "OP 
BO Hs _ 15 Inconvenieney, that, if 


4260.” - The e 


once it ceaſeth to work, e Water tun again, unleſs che 
Air be drawn out of the Tube afrgft? his may be corrected by 
making a Syphon in the Figure 4 Re, whoſe x4 are equal, and 
turn'd up again; for if the Syphon be fill'd with Water, and one 
Leg be immerſed in it, ſo he” the Surface of the Water _ be 
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above the Orifice, then the Water will run out through the other 
Leg, for the Reaſon given in the Explication of the former Expe- 
riment. Since the Legs are return'd upwards, the Syphon will not 
be emptied, when the running out of the Water ceaſes; and fo 
the Syphon, being once fill'd, is always ready to work it's Effect. 


The Water runs backward or forward through it, according as it 
is higher on one Side or the other. 


&A BY F-1- U:IV, 
Whereby Water is rais'd. 


Upon the ſame Principle as the foregoing Machine, is contriv'd 


39 


2261. 


the Syphon for raiſing Water into a Reſervoir. The Effect of this Pl. 74. F. 2. 


Syphon becomes viſible by the Help of a Machine made up of 
two hollow Glaſs Balls H and I, which are join'd together by the 
Braſs Pipe CDE. The Ball I communicates with the Water to 
be rais'd, contain'd in the Veſſel V, by Means of the Pipe AB, 
which comes up almoſt to the Top of the Ball ; to the Ball H at 
the lower Part is join'd the Pipe FG, as long as the whole Pipe 
AB. 

The Ball H muſt be filled with Water through a Hole by a 
Funnel, and then the Hole muſt be ſhut up cloſe. 

In ſuch Machines as are applied to Uſe, for raiſing Water out of 
a Reſervoir that contains it, the Water is brought away in the Veſſel 


H, and the Communication between the Veſſel and the Reſervoir 
is ſhut up with a Cock. 


EXPERIMENT 3. 


Opening the Cock G, the Water will run out that Way, and 
will aſcend through the Pipe A B up into the Veſſel I; which be- 
ing fill'd, the Water is luffer d to run away to the Place where you 
would have it; and, by repeating the Operation, the Elevation of 
the Water continues. 

Opening the Cock G, the Water going out of the Pipe F G, 
ſuſtains the Preſſure of the whole Atmoſphere; the Air alſo preſſes 
upon the Surface of the Water in the Veſſel V, and it is ſuſtained 
in the Pipe AB by Means of this Preſſure. Theſe Preſſures are 
equal, and if you take from them the Columns of Water which 
they ſuſtain, you will have the Forces by which the Air is preſs'd 
that is contain'd in the upper Parts of the Veſſels, which commu- 


nicate by Means of the Pipe CDE. The Pillar FG, becauſe there 
18 


226294 


22 53. 


2264. 


2265. 
Pl. 74. F. 3. 


2266. 


* 2199. 


2207. 


* 2089. 
2129. 


2268. 
Plate 69. 


Fig. 4, 5. 


Mathematical Elements Book IV. 


is ſuperadded to it the Height of the Water in the Veſſel H, does 
always overcome the Column in the Pipe A B, therefore the Preſ- 
ſure at G is more diminiſhed: than the other, and fo overcome by it; 


and therefore the Water muſt riſe in the Tube AB, and deſcend 
down F G. . 


The common PUMPS. 


To render the Action, and Effects of common Pumps viſible, 
let there be a little Pump made of Glaſs. Let AB be a Cylinder 
of Glaſs, ſix or ſeven Inches high, whoſe Diameter is an Inch and 
an half, In the Bottom of it join a Tube of any Length, as CD. 
Let the upper Part of it be ſtopt up with a Leaden Ball, that the 
Water may not be able to deſcend out of the Cylinder A B, but 
may eaſily riſe into it, by raiſing up the Ball, which we make uſe 
of here inſtead of a Valve. The Piſton is mov'd in the Cylinder 
AB, which, being ſurrounded with Leather, exactly fills it's Ca- 
vity : There is a Hole in the Piſton, which likewiſe is ſtopp d with 
a Ball of Lead- inſtead of a Valve; ſo that the Water may riſe, 
but not deſcend through the Piſton. 


EXPERIMENT 4. 


Puſh down the Piſton to the Bottom ; pour Water upon it to 
hinder the Paſſage of the Air ; if the End D of the Tube CD be 
immers'd into Water, and the Piſton be rais'd, the Water will 
aſcend up into the Cylinder AB *, from which it cannot deſcend ; 
wherefore, it comes up through the Piſton, when it is puſhed 
down. If you raiſe the Piſton again, the Cylinder is again fill'd 
with other Water, and the firſt Water is rais'd up into the Wooden 
Veſſel F, which is join'd to the Glaſs Cylinder, from which it runs 
out through the Tube G. | 

Since the Effects of all the Machines, deſcrib'd in this Chapter, 
depend upon the Preſſure of the Atmoſphere, the Water will not 
riſe in theſe Machines to an Height of thirty Feet. The Water 
might be rais'd to a greater Height, exceeding thirty two Feet “, 
if, in theſe greater Heights, the elaſtic Fluid, ſpoken of above *, 
ſhou'd be ſeparated from it. 


HEROs FOUNTAIN. 


There are ſeveral Fountains, which are call'd Hero's Fountains ; 
I ſhall explain the Conſtruction of one of them. 


The 
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The two equal elliptical Veſſels AB, and CD, very well clos'd 
on all Sides, are made- of Braſs. 
In each there is a Diviſion which goes through the Center of the 
Ellipſe, and divides it into two equal Parts. 
The Diviſion in the Veſſel DC is perpendicular to the Axis of 
the Ellipſe; that of the other Veſſel is inclin'd to this Axis; the 
Diſpoſition of the Pipes, which will be mention'd preſently, is the 
Caſe of this Difference. | 
The upper Plate EF, of the Veſſel AB, is hollow'd, to con- 
tain Water at the Height of an Inch, or two. | | 
The Veſſels are join'd by four Pipes. The firſt op goes through ' 
the Cavity B, of the Veſſel AB, and has no Communication with l 
it, and deſcends almoſt to the Bottom of the Cavity D. The ſe- 
cond 5f is ſolder'd to the upper Part of the Cavity D, and reaches | 
to the Top of the Cavity B, without touching the upper Plate. | 
The third qr reaches from the lower Part of the Cavity B almoſt 
to the Bottom of the Cavity C. The fourth x v coheres with the 
upper Part of this Cavity C, and reaches almoſt to the upper Part 
of the Cavity A. | SY ia | 
Laſtly there is a Pipe yz, which paſſes through the upper Plate 
of the Veſſel AB, and is fo ſolder'd to it, and deſcends into the 
i A in ſuch Manner, that it's End z is very near the Bottom 
Ot it. | 
Cocks are join'd to the Cavities at e, e, e, e; or there are other 
Apertures in them, which are ſtopp'd by Screws, Leathers being ( 
put between ; the chief Uſe of which is that the Cavities may be 
well emptied through them, leſt they ſhould ruſt in the Inſide. 


EXPERIMENT $5. 
Water is pour'd into the Pipe op, with which the Cavity D is 2269. 


fll'd; and if you continue to pour the Water in it will aſcend along 
the Pipe 57, and deſcend along qr into the Cavity C, which is alſo 
fill'd, the Air aſcending along xv and going out through 2 y. In- 
vert the Machine, removing the Screws e, e, of the Cavities C and 
D, and the Water will deſcend into the Cavities B and A. The 
Holes e, e, being ſtopt again, as alſo the Hole y of the Pipe ), \ 
ſet the Machine upright, and pour Water again into the Pipe op, 1 
till the upper Surface of the Machine be covered with Water. i 
Now if the Hole y be opened, the Water will ſpout upwards to an 
Height almoſt double the Height op (Fig. 5;) and the Motion of 
the Water will continue, till the Cavity C is emptied. The Height 

Vor, II, G of 


* 1588, 
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ing Water will he continually diminiſhed, and at the 
End it will be leſs than twice the Diſtance between the Veſſels. 
The Effect of this Machine muſt be attributed to the Compreſ- 
ſion of the Air in the Veſſels. The Preſſure of the Atmoſphere 
at o and 5 as alſo the Preſſures thence ariſing in the Veſſels 3 
ſelves, are equal; therefore theſe Preſſures mutually deſtroy one 
another, and are not to be taken Notice of in the Examination of 
the Machine. When at laſt Water is pour 'd into the Pipe op, it 
is ſuſtain'd in it by the Preſſure of the Air contain'd in the Cavity 
D, and which acts upon the Surface of the Water, which takes up 
a frnall Part of the Height of this Cavity; which Air therefore 1 7 
compreſs d by the Weight of the Water of the Height 3 
ſpeak of the Preſſure, which overcomes the Preſſure 1 ha 
moſphere. The Ait, contain'd in the upper Part of the Cavity B, 
communicates with the Air mention d by the Pipe gt, and is com- 
preſs d in the ſame Manner; and this acts upon the Surface of the 
Water in this Cavity with che ſame Force. This Preſſure muſt be 
ſuperadded to the Freſſure from the Height of the Water, that we 
may have the Force, with which the Air, which is contain d in the 
Cavity C, is compreſs d, as alfo that which is in the upper Part of 
the Cavity A, by Reaſon of the Communication by the Pipe x v. 
Therefore the Preſſure, which acts upon the Surface of the Water, 
in this Cavity A, is equal to a Pillar of Water, of almoſt double 
the Height of the whole Machine; and therefore the Water ſpouts, 
through the Hole at y, as if it were preſs d by ſuch a Pillar; that 
is, it riſes to an Height, which wants but kttle of the Height of this 


of the ſpout 


Pillar *, 


This Height i is continually diminihed ; for the Pillars of Water, 
which compreſs the Air, are continually diminiſh'd ; becauſe the 
Water is encreas'd in the Cavities C and D, and it's Height is di- 
miniſned in the Cavity B. At the ſame Time the Cavity A is con- 
tinually emptying, and the Water riſes through a greater Space, 


before it comes to y; and it is therefore driven to a leſs Height 
above y. 
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CHAP. VII. WADE 
Of the Undulatory or Wave-like Motion of the Air, as 
7 likewiſe concerning Sound. 


7 the Air be any how agitated, the Particles mov'd go out of 
their Place, cauſe the Particles next to them to poſſeſs a leſs 
Space; and whilft the Air is dilated in one Place, it is compreſs'd 
in the Place next to it. The * IE Air, whilſt, by Reaſon of 
the Elaſticity being encreaſs'd by the Compreſſion, it expands itſelf 
again, does not only return to it's firft State, but is itſelf dilated 
by the Motion acquir'd by the Particles receding from one another 
beyond: their firſt Diſtance. | TH "ws 
The Air being firſt dilated by that Motion, returns-to it's firſt 
State, and the Air towards other Parts is compreſs d. This again hap- 
pens, when the Air laſt compreſs d expands itſelf, and thereby a new 
Compreſſion of Aw. is produc'd. Therefore from any Agitation 
there ariſes a Motion analogous to the Motion of a Wave on the Surface 


of Water . And the Air thus compreſs d, with a Dilatation fol- 173. 
owing, is call d by that ſame Name, viz. a Wave of Air . * 1738. 


2272. 


Compreſs'd Air dilates itſelf every Way, and the Motion of theſe 
Waves, is the Motion of a Sphere expanding itſelf, juſt as theſe 
Waves move circularly on the Surface of the Water v. * 

Whilſt a Wave moves in the Air, wherever it paſſes, the Particles 
are mov'd from their Place and return to it, running through à very 
ſhort Space in coming and going. 


To explain the Laws of this Motion, let us conceive Particles of 2274. 


Air to be plac'd at equal Diſtances, a, 5, c, d, &c. and / in a Pl. 
right Line. Let the Wave move along that Line, and ſuppoſe it to 

be come forward, as far as between & and p; and that the Air is 
dilated between þ and , but compreſs'd between Y and ; as all 
this is repreſented in Lines. 


The greateſt Denſity is at m, the Middle Point t between h and p, 2275. 


and the greateſt Dilatation is in the Middle e between b and h. 


Wherever the neighbouring Particles are not equally diſtant, by the 2276. 


Action of the Elaſticity the leſs diſtant Particles are preſs d towards 


thoſe that are more diſtant ; and this Preſſure, ſetting aſide all * 2111. 


Motion acquir'd, muſt be firſt examin'd into, 
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Between b and e there is a Preſſure from 6 towards e, that is, 
conſpiring with the Motion of the Wave, end, another ſuch between 
m and p. 


_ there is a contrary Preſſure between e and m, from m to- 
wards e. 

At m and e, where the Directions of theſe Actions are chang'd, 
the oppoſite Actions deſtroy one another ; becauſe the acncent. Par- 
ticles are ſuppos d to be equally diſtant. 

In the Places b, h, and p the Difference of the Diſtanbes of the 
adjacent Particles is the greateſt of all; and therefore he Action of 
tbe Elaſticity towards one Part is the greateſt of all. 

From hence we gather that a Particle according to it's different 
Place in a Wave ſuffers a different Action from the Elaſticity by 
which it's Motion is generated, accelerated, diminiſh'd, or de- 
ſtroy d. Therefore the Direction of the Motion of a Particle can- 
not be determin'd from the Direction alone of the Action men- 
tion'd, and that does not always agree with this Direction, and the 
Motion of every one of the Particles is chang'd every Moment. 

All the Particles between 5 and p are carried according to the 
Order of the Letters. The Particles, between þ and p, continue 
their Motion in this Direction; and the reſt berieen h and b re- 


turn towards &, as we ſhall ſee Derkaſter. 


Theſe continue in the Motion by which they return, until, by 
the Action of the Elaſticity, whoſe Direction is chang d in the Point 
e, the Motion acquir'd anew be deſtroy'd; in which Cafe a Parti- 
cle, as b, returns to Reſt in it's former situation. In the next Mo- 
ment the Particle c comes to Reſt in it's former State, but þ comes 


on to q, as in Line 2; and in equal Moments, the Wave ſucceſ— 
fively has all the Poſitions, as you ſee here in the Lines 1, 2, 3, 


Fc. and 13; and whit the Wave comes from the Poſition in the 
Line 1, to the Poſition in the Line 13, it runs through it's whole 
Breadth. The Particle p in this Motion goes and comes, and it's 
Motion is ſenſible in this Figure; and this Particle goes ſucceſſioely 
through all the Poſitions of the Particles in the Wave, as is manifeſt. 


All the Particles are ſucceſſively agitated with a like Motion: 


And / the Time, in which a Wave runs through it's Breadth, be 
divided into ſo many Parts as there are Particles in the Breadth of 
the Wave, every Particle will be found in that Poſition in which the 


following Particle was the Moment aforegomng, which was longer 1n 


Motion by one ſuch Moment. 


The 
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The Motion of any Particle, as p, in going backwards and for- 
wards, 1s analogous to the vibrating Motion of a Pendulum, whilſt it 
performs two Ofcillations ; that is, once goes and once returns. 

A Pendulum deſcends in it's Oſcillation, and the Motion acquir'd 
conſpires with the Action of Gravity, and is accelerated by it, un- 
til it comes down to the loweſt Point of the Arch to be deſcrib'd, 
that is, to the Middle or the Way to be mov'd through ; the Pen- 
dulum goes on by the Motion acquir'd, which is deſtroy'd by the 
Action of Gravity, whoſe Direction changes in this Point, whilſt 
the Body riſes up the other Part of the Arch to be deſcrib'd : This 
Body goes back with the ſame Laws. 

The Particle p is mov'd by the Elaſticity, and it's Motion is ac- 
celerated by the Action of the Elaſticity, until it comes to the Situa- 


tion of the Particle , in the Line 1 * ; which Situation appears in # - 


the Line 4, in which the Particle p takes up the middle Point of 
the Space, to be run through, in coming and going. Though the 


Elaſticity acts contrary to the Motion acquir'd *, yet it continues * 


it's Motion, until the Motion be quite deſtroy'd by the Action of 
the ſaid Elaſticity ; which happens when it has gone through a 
Space equal to that, in which it was generated ; then the Particle 
p is in the Situation, appearing in the Line 7, which anſwers to the 
Situation of the Particle þ in the Line 1. Then the Particle returns 
by it's Elaſticity, and is accelerated, until it has acquir'd the Situa- 


tion of the Particle e of the Line 1 *, as in the Line 10 ; that is, * 


until it comes again to the Point that is in the Middle of the Way 
to be run through, as in the Line 4. The Particle continues re- 
turning until the whole Motion be deſtroy'd by the Action of the 


Elaſticity, whoſe Direction is again chang'd *; and then the Par- * 


ticle returns ta it's firſt Poſition, as in the Line 13, and there not 
being agitated by any new Motion, remains at Reſt. All which 
Things flow from what is demonſtrated in the firſt following Scho- 
lium. Therefore when the Motion of a tremulous Body, which agi- 
tates the Air, ceaſes, there are no new Waves generated, and the 
Number of the Waves is the fame as the Number of the Agita- 

tions of that Body, 225 
If the Action of Gravity ſhou'd ceaſe after two Vibrations of a 
Pendulum, as in the Air aſter the going and returning of a Particle, 
the Action of the Elaſticity upon that Particle ceaſes; the Motion 
of a Particle of Air, wou'd in all Things agree with the Motion of 
the Pendulum. In the middle Point of the Arch, which is to be 
run through by the Oſcillation, there is no Action of Gravity, we 
the 
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the. Direction thereof is chang'd ; in the middle Point os the.Space 
to be mov'd through, by the Particle p in it's going and coraing, in 
which it is in the Line 4 and 10, the Situation of this Particle an- 
ſwers to the Situation of the Particles m and e, in the Line 1, in 
which Points there is no Action of Elaſticity, and it's Direction is 
chang'd *. In a Pendulum, the more a Body oſcillating is diſtant 
from the loweſt Point, or middle of the Arch to be deſcrib'd; the 
more does the Force of Gravity act upon it; alſo the more diſtant 
the Particle p is from the middle Point of the Space to be run 
through, the greater is the Action of the Elaſticity upon it, and in 
the Lines 1, 7, and 13, in which the Particle is moſt diſtant from 
the Point abovementioned, the Situation of it agrees with the Points 


3, b, and p, in the Line 1, in which the Action of the Elaſticity 


is greateſt of all *. 7% 
y which Law is determin'd the Action of the Elaſticity, ſince 
it increaſes when the Diſtance from the often- mention'd middle 


Point increaſes, from the Law of the Elaſticity of the Air itſelf, 


whoſe Particles fly from one another with a Force which 1s inverſly 
as the Diſtance between: the Centers of the Particles * ; and we de- 
monſtrate in the firſt Scholium annexed to this Chapter, that the 
Action of the Elaſticity upon a Particle, as p, increaſes or dimi- 
niſhes in Proportion to it's Diſtance from the middle of the Space 
to be run through. 


For which Reaſon, every Particle in it's Motion goes and returns, 


according to the Law of the Motion of a Pendulum oſcillating in a 


Cycloid *. 


We. demonſtrate, in the ſame Scholium, that the Velocity of a 


Wave is equal to that Velocity which a Body acquires in falling from 
one half” the Height that the Atmoſphere would have, if, whilſt the 
Dantity of the Air remains the ſame, it ſhould every where have that 
Denſity, which it has in the Place wherein the Wave moves. And 
the Demonſtration obtains whatever .be the Breadth of the Wave, 
and whether the Particles in going and comingrun through a greater 
or leſs Space; whence it is evident that all Waves move with the 
fame V, ih z namely as long as the ſaid Height of the Atmoſphere 

is not alter d, ſuppoſing it to be every where of the ſame Denſity. 
But this being chang' d, the Squares of the Celerities of the Waves 
are in the Ratio of the Heights *. But this Height often varies; for 
the Denſity of the Air often alters the Elaſticity remaining the ſame ; 
and the Elaſticity may be chang'd while the Denſity remains the 

ſame ; laſtly they very often both together change. , 
I | n 
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In the firſt Caſe, viz, when the Elaſticity remains, and the 
Denſity varies, whilſt the Air is ſuppos'd every where of the ſanie 
Denſity, the Height is chang'd, but the Quantity of the compreſ- 
ſing Air does not vary; becauſe the Weight thereof is equal to the 
Elaſticity *: And the Height is as the Space taken up by the Air; * 361. 
and fo is inverſly as the Denſity ; wherefore the Squares of the + 1464. 
Velocities of the Waves are inverſly as the Denſities *. * 2295. 

When the Denfity remains the ſame, but the Elaſticity varies, the 2295. 
Height of the Atmoſphere is chang'd in the Ratio of the com- 
preſſing Weight, that is, in the Ratio of the Elaſticity . There-' * 361. 
fore the Squares of the Velocities of Waves are as the Degrees of 
Elaſticity . | * 229 oo 

If both the Velocity and Denſity differ, the Squares of the Velicities 2208. 
of the Waves will be in a Ratio compounded of the dirett Ratio of 4 229 
the Blafticity +, and of the inverſe Ratio of the Denfily . 4 ,,00 

If the Denfity and Elaſticity increaſe or decreaſe in the ſame Ratio, 22 9 d. 
the inverſe Ratio of the Denſity deſtroys the direct Ratio of the 99. 
Elafticity, and the Velocity of the Waves will not be chang d. 

This laſt Caſe happens in the Compreſſion of the Air ariſing from 
other Air mixing with it *, whereby, if the Tenor of the Air re- * 21 og. 
mains the ſame as to the reſt, the Height of the Atmoſphere, 
ſuppoſing it to be every where of the ſame Denſity, is not alter d; 
for it is reduc'd into a leſs Space in Proportion to the ſuperadded 
Weight. Therefore from the chang'd Height of a Column of Mer- 2300. 
cury, which is ſuſtain d in a Tube exhauſted of the Air * by the Preſ * 208 5. 
ſure of the Atmoſphere, which ſhews that the Weight, by which 
the Air is compreſs'd near the Earth, is chang'd, we cannot be cer- 
tain whether the Velocity of the Waves does alter. For the ſame 2 301. 
Reaſon the Waves are mov'd with the fame Velocity in the Top of a 
Mcuntain as in a Valley, if the Tenor of the Air does not differ ac- 


cording to the greater Height “. * 2127. 
That Waves wicve faſter in Summer than in Winter is deduc'd 2 302. 
from the Elaſticity of the Air being increas'd by Heat &. * 2117. 


The Height of the Atmoſphere, ſuppoſing it to be every where 2303. 
of the fame Denſity, is found out by meaſuring the Height of the 
Column of Mercury in the Torricellian Tube, which is balanc'd 
by the Preſſure of the Atmoſphere *, and by comparing the Den- * 208 5. 
fity of the Air with the Denfity of the Mercury; which may be 
done by weighing the Air *. And when the Height of the Air is & 216 FR 
found out, the Velocity is had by Experiments of Pendulums, 


Which a Body acquires in falling from one halt that Height “. 415.883.374 
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The Motion of the Air, which is conſider'd in this Computa- 
tion, depends wholly upon the Elaſticity, and the Computation 
would be exact, if the Particles themſelves had not a ſenſible Pro- 
portion to the Interſtices between them; but if we ſuppoſe here 
that the ſaid Proportion is ſenſible, the Motion of the Waves will 
be ſwifter ; for Motion is propagated through ſolid Bodies in an 
Inſtant. 

But we have confider'd the Particles of the Air as Points, and the 
Velbcities found out upon this Suppofition, muſt be increas d in Propor- 
tion of the Matter to the Interſtices, in order to have the true Velocity. 

Wherefore ſo long as the ſame Air preſerves it's Denſity, the Aug- 


mentation of the Velocity 1s in the ſame Ratio with the Velocity itſelf. 
Bat zf the Denſity is os be the Augmentation is not only in the 


Ratio of the Velocity, but alſo in the Ratio of the Matter to the Mat- 


Den/ity. | 

If the Air be different, this Rule does not obtain, for the Particles 
themſelves, when the Denſity remains the fame, may have a diffe- 
rent Denſity ; and the Ratio of the Diameters of the Particles to 
the Interſtices will be alter'd. 

The Motion of the Waves in the Air produces Sound; but before 
we treat concerning this, we muſt premiſe a few Things in gene- 
ral relating to the Senſations. 

So ſtrict is the Union between the Body and the Mind, that ſome 
Motions in the Body do as it were cohere with certain Ideas of the 
Mind, and they cannot be ſeparated from each other. New Ideas 
are every Moment excited in the Mind, by the Motion of the 
Nerves, and ſuch are the Ideas of all ſenfible Objects; yet we find 


nothing common between the Motion in the Body and the Idea in 


the Mind. We cannot perceive their Connexion, or whether there 
be any at all. There are innumerable Things in Nature hidden 
from us, which even our Ideas cannot attain to. But this Con- 
nexion does not relate to Phyſicks. : 5 
When a Senſation is to be explain'd in Phyſicks, we ought to 
ſhew how the Motion of a Body, which Cauſes Senſation, acts 
upon our Nerves. | 
| Therefore three Things relating to Sound are to be conſider'd; 
1. we muſt determine the Motion in a Body which produces Sound; 
2. We muſt ſhew how theſe Motions are transfer'd to us; 3. Laſtly 
we mult explain what happens in us. 


I 
The 
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The Parts of Bodies, which emit Sound, are put into a tremu- 2313. 
lous Motion ; for non-elaſtic Bodies, when ſtruck, do not produce 
Sound. This tremulous Motion is alſo undoubtedly in ſtretched 
Chords or Fibres, from whence proceeds the Sound. This tremu- 
lous Motion is very ſenſible in large Bells, and in many other Bo- 
dies; it is viſible from the following Experiment with a Glaſs Bell, 
which gives a Sound. 
| EXPERIMENT I. 
A thin Glaſs Bell, which has a Knob at Top, that it may be 2414. 
held in the Hand, is ſtruck, and the Edge of it is brought near 
any ſolid Body at reſt ; if the Diſtance be ſmall, the Bell will, by 
Means of it's tremulous Motion, ſtrike againſt this Body ſeveral 
Times. 
Yet the Sound does not immediately depend upon this viſible Motion, 2 315. 
but upon another tremulous Motion, with which the ſmaller Particles 
are affetted, in the Motion mention d. 


EXPERIMENT 2. 

The elaſtic Iron Plate A CB, being ſuſpended, is put into a 2316. 
tremulous Motion which is viſible, if the Ends A and B are brought P1.76.F. 1. 
together, and ſuddenly let go; yet no Sound is heard: But if it be 
ſtrack on the Sides, which does not put it into a tremulous Mo- 
tion that is viſible, there is a Sound produc'd. 

A Body that is flruck, continues to give a Sound ſome Time after 2317. 
the Blow ; for the agitated Fibre will continue it's Vibration ſome 
Time, on Account of the Elaſticity *. T1439, 

Sound alſo ceaſes when the tremulous Motion ceaſes. 2318, 

From a Body, thus agitated, Motion is transfer'd to the Ear by 
Means of the Air; for Experience ſhews that this zs the Vehicle 2319. 
of Sound. | 


A MACHIN E, 
Nhereby Experiments concerning Sound are made. 


The Machine A, to which is join'd the little Bell C, (which is 2320. 
repreſented ſeparately in Fig. 5, that it may the better appear how Pl. 75. 
it is to be join'd to it,) contains ſeveral ſmall Wheels, to which F. 2. 5. 
Motion is communicated by a Spring, as in Watches; and which 
move the ſmall Hammers m, n, that ſtrike the Bell alternately, 

It is requir'd that this Motion be continued four or five Minutes, 


before the Spring be let looſe. 
Vo I. II. H By 
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By the Plate e, the Motion of the Wheels, and the Hammers, 
is ſtopp'd, or continu'd ; this depends upon the Poſition of the 
Plate which may be varied, whilit it is moveable about c, and can 
retain the Plate d, which coheres with an Axis, and in it's Motion 
goes and returns round a Center. 


EXPERIMENT z. 


This Machine coheres with the Leaden Stand D, and, the ſmall 
Cuſhions E, E, being put between, is put upon the Plate G of the 
Air-pump, and is cover'd with the Glaſs Receiver R, open at Top. 
This Aperture 1s clos'd by the Cover O, to which is faſten'd the 
Collar of Leathers P, which the Braſs Wire 8 T goes through *; 
to the End T of this Wire is join'd the Plate B, which is fo bent 


and cut in, that by turning the Handle, the Poſition of the Plate e 


may be alter'd ; whereby the Hammers are retain'd, or let looſe, 
as you pleaſe. The Hammers being fix'd, the Air is exhauſted 


from the Receiver, the Hammers are let looſe, and no Sound is 
heard. 


All the Sound cannot always be extinguiſh'd, but it may be ſo 


weaken'd, as to be perceiv'd only by thoſe, whoſe Hearing 1s pretty 
uick. 

l The Mercurial Gage alſo, in this Experiment, does not ſhew 
that all the Air is exhauſted; for when the Mercury is come to 
it's greateſt Height, the Motion of the Pump muſt be continued, 
that the Sound may be extinguiſh'd, or weaken'd as much as poſ- 
ſible; by which is confirm'd what we ſaid before, that the Den- 
ſity is diminiſh'd, the Elaſticity remaining the ſame *. 

A ſmall Quantity of Air being let in, we immediately perceive 
a Sound, which is increas'd with the Air that is let in. This Ex- 
periment puts it out of. all Doubt, that Sound 1s propagated by Air, 
but in this Motion the Air is not carried from one Place to another; 
whence appears what we ſaid, that Sound depends upon the undula- 


tory Motion of the Air; by which is confirm'd, that Sound ariſes 


from the tremulous Motion of Bodies. 

But as this tremulous Motion is eaſily communicated from one 
Body to another, The Conveyance of the Sound, from the tremulcus 
Motion of the Fibres, is very remarkable; and how far the Com- 
munication of this Motion extends itfelf, will appear from one 
Experunent only. 


ExRE- 
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EXPERIMENT 4. 

Things being diſpos'd, as in the foregoing Experiment, and the 
Air being exhauſted, and the Hammers being let looſe, the Handle 
M is turn'd in ſuch Manner, that the Plate B may touch the Plate 
e, but not alter it's Poſition ; at that very Moment a Sound is 
heard ; the Sound of the Bell indeed is weak, but the Sound of the 
Wheels is perceiv'd very diſtinctly ; the Plates being again ſepa- 
rated the Sound immediately ceaſes. 

In the third Experiment, before the Air was exhauſted, and af- 
ter it is again let in, the Sound might be perceiv'd, though the 
agitated Air had no Communication at all with the external Air; 


whence it follows, that the undulatory Motion of the Air communi- 


cates a tremulous Motion to the Fibres of Bodies, whereby Waves are 
generated in the exterior Air. But in this Caſe the Sound is very 
much weaken'd. 

As Sound is propagated through ſolid Bodies, ſo likewiſe is it 
through Fluids; but in this laſt Caſe it is alſo very much weaken'd. 


EXPERIMENT ;. 
The Machine deſcrib'd above * is inclos'd in the Glaſs V. the 
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Hammers n, m, being firſt let looſe ; the Glaſs is clos'd with the Pl. 7 5. F. z. 
Wooden Cover O, and the Water is hinder'd from getting in by * 2320. 


ſoft Wax. This Glaſs is put into a greater Glaſs B, which contains 
Mercury in it to the Height of one, or two Inches, and the Glaſs 
B is fill'd with Water. A Sound is heard, but it is weak. 

But there is no Communication between the Bell and the exter- 
nal Air, unleſs through the Fluids, Water or Mercury. 

The Fluid communicates a tremulous Motion to the Glaſs itſelf, 
in which it is contain'd, and to the Air, which is upon the Surface 
of the Water. 

In all theſe the undulatory Motion comes to the Ear, and goes 
into a Canal, in the external Part of the Ear; this external Part is 
terminated by a very thin, ſtretch'd Membrane, call'd the Tym- 
panum, or Drum of the Ear, and which ſeparates the external Part 
of the Ear from the internal. The Particles of Air, which are near 
this Membrane, when the undulatory Motion reaches them, ſtrike 
the Drum of the Ear, and communicate a tremulous Motion to it, 
which is transfer'd to the Air inclos'd in the inward Cavity of the 
Ear; ſome ſmaller Bones are mov'd, by the Agitation of the Drum 
the undulatory Motion is propagated through certain ſmall Canals, 
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which are twiſted in a peculiar Manner, and the whole bony Sur- 
face of this Cavity is ſtruck by the Particles of Air, which are in 
Motion. By all theſe Motion is eaſily communicated to the audi- 
tory Nerve, which coheres with the Organ, of which we are 
ſpeaking, and which goes into the Cavity itſelf of it. 

The Structure of the Ear is wonderful, but as we are not ac- 
quainted with the Uſe of the peculiar Parts, the general Things 
only, which we have taken Notice of, belong to our Purpoſe. 

The Celerity of Sound 1s the ſame as the Celerity of Waves, which 


triste the Ear, and to this muſt be refer'd what has been ſaid of 


their Celerity *. In reſpe&t to Numb. 2293 it is to be obſerved, 
that the Celerity of Sound can no Way be determin'd by Calcu- 
lation *; for the Proportion between the Diameters of the Parti- 
cles and the Interſtices between them, is not known; but the Ce- 
lerity of Sound may be immediately determin'd by an Experiment. 

If a Flaſh of Fire goes off at Night with a Noiſe, and a Specta- 
tor ſtands at any known Diſtance from the Fire, who, with a ſhort 


Pendulum, meaſures the Time between ſeeing the Light, and 


hearing the Sound, he will have the Celerity of the Sound ; for 
the Motion of Light, at leaſt, through the Space as ſuch an Expe- 
riment can be made in, 1s inſtantaneous. 

By ſuch an Experiment made in France, it appear'd, that Sound 
mov'd 1080 French Feet, that is, 1117 Rhinland Feet in one Se- 
cond of Time: Which Velocity differs little from that, which 
Durham determin'd from many Experiments, in a Space exceed- 
ing twelve Enghſh Miles; according to whom the Space run 
through in one Second is 1100 Rhinland Feet: But this Celerity is 
not conſtant *. 

If at the ſame Time in which the Velocity of Sound is deter- 
min'd by this Method, you find out the Space mov'd through by 
the Elaſticity *, the Acceleration of the Sound will be had from the 
Thickneſs of the Particles. 

The Celerity of Sound is equable *; yet in going through a greater 
Space 1t 1s ſometimes accelerated or retarded +, from the different 
repellent Force, which the Particles ſometimes have in different 
Places x. But this is deduc'd rather from Reaſoning than Expe- 
rience, becauſe the Conſtitution of the Air does not differ enough 
in neighbouring Places. 

The Celerity of Sound varies as it goes with the Wind, or against 
it. By the Wind a certain Quantity of Air 1s carried from one 
Place to another; the Sound is thereſore accelerated as long as it 
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moves through that Part of the Air, if the Direction of the Sound 
be the ſame with the Direction of the Wind; in which Caſe the 
Velocity of the Wind muſt be ſuperadded to the Velocity of Sound, 
which has been taken Notice of. 

But the Velocity of the moſt violent Winds, which is ſtrong 
enough to root up Trees, and blow down Houſes, is leſs than a 
thirtieth of the Velocity of Sound, if with Mariotte we ſuppoſe, 
the moſt violent Wind to run through only thirty two Feet in one 
Second. | 

According to others the Velocity of Wind is much greater, and 
therefore the Acceleration of Sound is greater, which agrees better 
with Obſervations. 

By the Way of arguing it is alſo prov'd that Wind retards the 
Motion of Sound. 

The Spaces which the Particles run through, as they come and 
go, may be increas'd and diminiſh'd by the Wind; therefore the 
Scund may be heard at a greater or ſmaller Diſtance, according to the 
Direction of the Wind. For in the Air which is mov'd by the 
Wind, there is a certain, ſmall mutual Acceſs of the Particles, 
whilſt the hinder Air drives on that which is before it; by this the 
Elaſticity of the Air is increas'd, and the Direction of this mutual 
Motion conſpires with the Direction of the Wind. | 

The Intenſity of Sound depends upon the Strokes of the Air 
upon the auditory Nerve ; and theſe Strokes are as the Quantities 
of Motion of the Particles ſtriking. 

Theſe Forces are as the Number of the Particles ſtriking againſt 
the Drum of the Ear at the ſame Time, and as the Squares of the 
Velocities of theſe Particles *. 

Therefore in determining the Intenfity of Sound, the Denſity of 
the Air mult be conſider d, the Velocity of the Sound, the Space mov'd 
threugh by the Particles in going and returning, and the Number of 
the Waves flriking the Ear in a certain Time. | 

All things remaining as before, if the Weight by which the Air ts 
compreſs'd be only charg'd, the Space mov'd through by the Particles 
in going and coming will not by that be chang'd, which only va- 
ries upon the Augmentation or Diminution of the tremulous Mo- 
tion of the Parts of a Body; nor will the Number of the Waves be 
chang'd, for theſe alſo depend upon the tremulous Body ; neither 
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mention'd in Number 2305. which is not to be conſider'd here, 


becauſe in this Place the Velc city we are tieating of, is that with 
6 which 


54 


* 2346. 


® 2101.1464. 


2350. 
Plate 75. 


Fig. 4, 5- 
* 2210. 


＋ 2320. 
* 2322. 


* 2186. 


®:2322. 


* 2224. 


2351. 


2302. 
2109. 


2353- 


2354 
Fi. 78. 


F. 2 


Mathematical Elements Book IV. 


which every Particle is mov'd ; therefore the Denſity only varies, 


that is, the Number of Particles moving in a given Time is onl 
chang'd, and the Intenfity of the Sound is chang'd in this Ratio *; 
that is, in the Ratio of it's Denſity, which is in the Ratio of the 
compreſſing Werght *. 

It appears by Experiment that the Intenſity of it is encreas'd. 


EXPERIMENT 1. 

The Board, part of which is repreſented ſeparately at E, is put 
into the Machine NM, in which the Air is compreſs'd *. Upon 
this Board we put the Machine A +, a Leather being put between, 
which we made Ute of in the third Experiment of this Chapter *; 
aud that it may not be remov'd from it's Place, the Leaden Stand 
D has two Holes in it; that Pins, faſten'd to E, one of which is 
ſeen at , may go into theſe Cavities. To the Cylinder NM is 
join'd the Collar of Leathers p, through which the Braſs Wire 
S T goes *, to which is faſten'd the Plate B, which we made Uſe 
of in the third Experiment *, but it is applied to the Wire in ano- 
ther Manner ; by this, in this Caſe, as in that, the Hammers are 
kept from moving, or they are let looſe, by turning the Handle Q. 

The Cylinder MN is clos'd by the Cover O, and the Air is com- 
preſs'd as much as you pleaſe *, and the Machine is again put upon 
it's Stand G. The Hammers being let looſe, the Sound is heard 
diſtinctly, and the better, the more the Air is compreſs'd. If you 
open the Cock, and let the Air out, and ſhut it again, the Sound 
is faint. 

As the Intenſity of the Sound is greater in compreſs'd, inclos'd 
Air, the Fibres, of which the Cylinder MN conſiſts, are agitated 
more alſo, and a greater Agitation is communicated to the outward 
Air. 

If, the compreſſing Weight remaining the ſame, the Denſity be en- 
creas'd, the Matter mov'd is indeed encreas'd in the ſame Ratio with 
the encreas'd Denſity ; but we demonſtrate in the ſecond Scholium, 
annexed to this Chapter, that the Intensity of Sound, in this Cale, 
is diminiſh'd in the Ratio, in which the ſquare Root of the Denſity 
encreaſes, From whence it follows, that in Summer, ceteris pari- 
bus, the Intenſity of Sound 1s greater than in Winter. 


| EXPERIMENT 7. 
Suſpend the Bell A in the Glaſs R; and, when the Cock is open'd, 
let the Air in the Glaſs communicate with the outward Air, * 
1 the 
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the Glaſs, and obſerve the Diſtance, at which the Sound can be 
heard. The Glats being heated together with the internal Air, and 


the Experiment being repeated, the Sound will be heard at a greater 
Diſtance. 


Theſe Things are ſo, as long as the Temper of the Air remains 


2355+ 


the ſame ; but this is often chang'd *, Watery Vapours hinder the * 21 17.2122; 


Intenſity of Sound very much, 

There is alſo a Diſtance of Sound ariſing from the Number of 
the Vibrations of the Fibres of the ſonorous Body; that is, from 
the Number of the Waves produc'd in the Air in a certain Time; 
for according to the different Numbers of the Percuſſions againſt 
the Ear, the Mind receives a different Senſation. 

A muſical Tone depends upon this Number of Vibrations, which is 
ſaid to be ſo much the more acute, as the Returns in the Air are more 
frequent, and the more grave, the leſs the Number of Waves is. 

And the Degrees of the Sharpneſs of different Tones, are to one ano- 
ther as the Number of the Waves, which are produc'd in the Air at 
the ſame Time. 

A Tone does not depend upon the Intenſity of the Sound; and an 
agitated String gives the ſame Sound, whether it goes and comes along 
a greater, or leſs Space *. 

Concords ariſe from the Agreement between the different Motions in 
the Air, which affect the auditory Nerves at the ſame Time. 

F tao tremulous Bodies perform their Vibrations in the ſame Time, 
there will be no Difference between the Tones; and this Agree- 
ment, which is the moſt perfect of all, is calld an Uniſon. 

F the Vibrations be as One to Two, this Concord is cail'd an Octave 
or Diapaſon. 

F they be as Two is to Three, that is, if the Second Vibration of 
one Body always agrees with the third of another, ſuch a Concord is 
call d a Fifth or Diapente. | 

Vibrations which are as Three is to Four, produce a Concord call d 
a Fourth or Diateſſeron. 

A Ditone is when the Returns of the Air are as Four is to Five. 
And a Seſquiditone is a Concord arifing from the Concurrence of the 

fifth Vibration of one Body with the Sixth of another. | 

Concords produc'd from the Agitations of Strings, if they be of 
the ſame Kind, are eaſily determin'd from their Dimenſions and 
[Tenſion ; for the Agitations of the. ſmall Parts do depend upon 
the Agitations of the whole Strings. 
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Cæteris paribus, if the Lengths of two Strings be to one another 
as the Number of Returns in a Concord, the Concord or Conſonance 


. between the Sounds, -which the Strings produce, will be had X. 


The ſame will happen, if, ceteris paribus, the Diameters have the 


. aforeſaid Proportion *. 


Alſo if, ceteris paribus, the Proportion of the Vibrations in a Con- 


Z cord be given between. the ſquare Roots of the Tenfions *. 


And generally, ſuppoſing any Strings of the ſame Kind, if the Ra- 


tio compounded of the direct Ratio of the Lengths, and that of the 


Diameters, and of the inverſe Ratio of the ſquare Roots of the Ten- 


frons, be the Ratio between the Numbers of the Vibrations perform'd in 


the ſame Time in any Conſonance whatever, you will have that Conſo- 


. nance by the Agitation of theſe Strings &. 


Muficians have confirm'd all theſe Things by Experiments. 

They have obſerv'd a very notable phenomenon about theſe 
Strings, whoſe different Caſes are well worth explaining. 

Let any muſical Strings be ſo ſtretch'd as to perform their Vibra- 
tions in the ſame Time; if one of them be agitated, the other will be 
mov'd alſo. For every Wave of the Air ariſing from the tremulous 
Motion of the firſt String, ſtrikes the ſecond String, and commu- 
nicates a ſmall Motion to it ; and it goes backwards and forwards 
ſeveral Times, from the leaſt Motion *, being mov'd by the Stroke 
of the firſt Wave, whilſt the ſecond Wave comes forwards, whoſe 
Motion conſpires with the Motion of the String “; and accelerates 
it. What is faid of the ſecond Wave is true of the other Waves 
which follow, and there will be an Acceleration till the Motions 
of the Strings be nearly equal. 

It follows from the ſame Demonſtration, that the String mov'd 
communicates Motion to the other, which performs two or three Vibra- 
tions whilſt the firſt performs one. 

And if the agitated String performs various Vibrations, whilſt the 
String which 1s to be mov'd by the Air can perform only one, it 
will follow from the Demonſtration aforegoing, that it muſt com- 
municate a particular Motion to it : To find out which, it muſt 
be obſerv'd, that the Duration of the Vibration, and the Length of 
the String are reciprocal in ſuch Sort, that every Thing elſe continu- 
ing as before, the determin'd Length can no Way be ſeparated from 
the determinate Duration of the Vibration. If therefore any String 
be ſtruck with ſeveral Strokes, by which Motion is communicated 
to it, and the Strokes are more frequent than what is agreeable to 
the Length of the String, that Part of it whoſe Length agrees * 
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the Duration of the communicated Vibrations, will be agitated 
only, and there will be a Sort of undulatory Motion communicated 
to the String; and the Length of the Waves in the String will de- 
pend upon the Duration of the Vibration that is communicated, 
that is, upon the Time between the Strokes. 

Let there be two Strings, the one of which vibrates twice whi . the 
other vibrates once, and let the firſt String be put in Motion, the 
Duration of the Vibrations communicated to that String by the 
Motion of the Air, agrees to a String of half it's Length *, and * 1 294. 
1 ſuch is the Length of the Waves in it. Therefore the String is di- 

g vided into two equal Parts by the communicated Motion, and the mid- 
| die Point is at Reſt. This is confirm'd by an Experiment, viz. 
| laying a Piece of Paper upon a String, to which the Motion is 
communicated ; for if it be put upon the middle Point of the 
String it will be at Reſt, though in every other Place it will be af- 
; fected with a tremulous Motion. 
. F one String which is put in Motion in order to cauſe Motion in 2350. 
5 another, performs three Vibrations whilſt the String to be mov'd per- 
forms but one, this laſt will be divided into three Parts by the Motion 
communicated, and there will be two Points of Reſt ; which is like- 
wiſe confirm'd by an Experiment like that above-mention'd. All 
other Caſes of communicated Motion, which Muſicians have ob- 
ſerv'd, are eaſily deduc'd from what has been ſaid. 
What has been ſaid of the Reflection and Inflection of the Waves 


2375» 


2 f 
in Water *, may be refer d to the Reflection of the Waves in the * 1, I £66 
Air; the Elaſticity in this Caſe producing the fame Effect as the 75 174% 
Preſſure of the rais'd Water in that. 

From the Reflection of Sound there often ariſes a Repetition of it, 2 378. 
which is calld an Echo. If the ſeveral Parts of the fame Wave, E 
expanding itſelf ſpherically *, ſtrike upon different Surfaces, ſo * , 272. 


that being reflected they meet, the Motion of the Air will be 
ſtronger there, and the Sound will be heard. The ſame Scund is 2579, 
often repeated ſeveral Times, from the different Parts of the ſame 
Wave reflected to different Diſtances, ſome of which alſo ſucceſ- 
lively meet in the fame Place. Sometimes vic have ſuch a Repe- 
tition from the Repetition of Reflection. 

Sound ts encreas d by Reflection in a Tube, as we find in ſpeaking 
Trumpets. The moſt perfect Figure that theſe Tubes can have, 
is that generated by the Rotation of a Parabola about a Line pa- 
rallel to the Axis, at the Diſtance of a Quarter of an Inch. For 
if any Body ſpeaks in ſuch a Tube, putting his Mouth in the Axis 
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of the Tube, and in the Forces of the Parabola, the Waves will 
be ſo reflected, that every one of their Parts will acquire a Motion 
parallel to the Axis of the Tube; by which Means the Force of 
the Wave, and that of the Sound too, will be very much increas'd. 
The greater End of the Tube, from which the Sound goes out, 
muſt be bent ſo as to have the Shape of one's Lips, that thereby 
the Wave may more eaſily be ſcatter d every Way. 


EXPERIMENT 8. 


Let a Perſon ſpeak in a low Voice, applying his Mouth to the 
ſmaller Aperture of the Tube before-mention'd ; if the Tube be 


four Foot long, the Sound will be heard at a great Diſtance, and 


it will be very much increas'd in the neighbouring Places. 

The longer the Tube is, the more intenſe will be the Sound, 
and at the greater Diſtance will it be heard. There will alſo be a 
Difference, if, the Length continuing the ſame, the Tube be wider, 
like A, or narrower, like B. I have not determin'd by Experi- 
ments, through which of theſe Tubes, the Sound may be convey'd 
to the greater Diſtance. 


SCHOLITUM-TI 
The Demonſtrations of N. 1150. 1152. 


T* order to make manifeſt, what has been ſaid concerning the Law, 
to which Particles, having an undulatory Motion, are ſubject, in go- 
ing and coming *, we muſt conſider ; that the Law of Elaſticity deter- 
mines the Motion of the Air, and that, vice versd, the Law of Elaſticity 
may be determin'd, from that Motion being given. 

I Hall take this laſt Method; and ſuppoling all the Particles, in going 
and coming, to be mov'd, like a Body vibrating in a Cycloid, that is, 
to be preſs'd with a Force, which is increas'd and diminiſh'd, with the 
Diſtance from the middle Point of the Space, run through in going and 
coming *, I ſhall demonſtrate that that very Law of Elaſticity, which 
we found before to obtain in Air *, is requiſite to produce this: Whence 
it will appear, that the Particles of the Air do really move according to 
the Law of a Pendulum vibrating in a Cycloid. 

Let there be a Circle AFB, whoſe Circumference is equal to the 
Breadth of a Wave; let there be a ſmaller Circle, GIOL, concentric 
with the former, whoſe Diametcr is equal to the Space, run through by 
the Particles, in going and coming; which as it is fmall, this Circle is 
of no ſenſible Magnitude in reſpect of the other. 
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Let us ſuppoſe the Circumference of the ſmaller Circle to repreſent - 


the Time, in which the Wave runs through it's Breadth ; that is, the 
Time in which a Particle goes and comes * ; and therefore it runs through 
the Line GO twice, according to the Law of a Body mov'd in a Cycloid 
by Gravity : Therefore half of the Circle repreſents the Time, in which 
this Line 1s run through once. 

In the greater Circle, let EF be the Diſtance between the Centers of 
two neighbouring Particles at Reſt ; Lines being drawn from E and F 
to the Center, the Arch Iz, in the ſmaller Circle, will repreſent one of 
the Moments, mention'd N. 2285 : For we ſuppos'd the greater Cir- 
cumference to be equal to the Breadth of the Wave. 

Therefore, if a Particle be carried through G H, the next Particle that 
follows it, which was mov*d one Moment longer, will be carried through 
Gh *, IH, 7h, being drawn Perpendicular to GO; and the Difference 
of their Tranſlations will be Hy; but the Difference of the Motions of 
neighbouring Particles, 1s the Increaſe, or Diminution, of the Diſtance 
between them : In this Caſe, in which the antecedent Particle was carried 
through a leſs Space, Hy, or Im, which we ſuppoſe parallel to it, is the 
Diminution of the Diſtancce; which itſelf is therefore EF Minus I. 

The Ratio between Im and EF is compounded of the Ratio of Im to 
Iz, and of I: to EF. The firſt Ratio is that which is between IH and 
IC; by Reaſon of the ſimilar Right-angled Triangles 177, IHC. The 
ſecond Ratio is that, which is between I C and CE, as is manifeſt. The 
Ratio compounded of theſe is that of IH to EC, or AC. 

Therefore, if we denote the Diſtance between the Particles, before the 
Agitation, by the Semidiameter of the greater Circle, HI will repreſent 
the Diminution of the Diſtance, whilſt the Arch GI repreſents the Time 
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of the Agitation . By a like Demonſtration it appears, in the return of #* 467. 


the Particles, that H L repreſents the Increaſe of the Diſtance, it the Arch 
OL repreſents the Time of the Return, that is, the Arch GIOL the 
Time of the Agitation. 

Now if we ſuppoſe a Line PQ, parallel to GO, and which touches 
the greater Circle at P; and if HI be continued toR ; HR will be equal 
to AC, taking away HI there remains IR, which denotes the Diſtance 
of the Particle from the neighbouring one, ſuppoſing GlI to be the Time 
of the Agitation, if this were GIOL, the Diſtance between the Particles 
wou'd be RL; and the Diſtances, in any Moments whatſoever, are re- 
preſented by Lines parallel to the Line PC, terminated on one Side by 
the Line QPS and on the other by the Semicircle GIO in going, and 
OLG in coming. 

The Difference between two neighbouring Diſtances is im or 4/, if 
I, or LI, as before, repreſents the Moment, mention'd in N. 2285. in 
which Caſe theſe laſt ſmall Lines are conſtant: But as we ſuppoſe the 
Particles to be mov'd, in going and coming, according to the Law of a 
Pendulum, vibrating in a Cycloid by Gravity, the ſmall Lines as 7 m or 


# /, if Ii or L] be conſtant, repreſent the Force accelerating the Motion, 
I 2 whilſt 
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whilſt the Time of the Agitation is repreſented by GI, or GIOL *: 
Therefore the accelerating Ferce, which, every Moment, atts upon every one 
of the Particles, in the Motion which we have ſuppos*d, is proportional to rhe 
Difference between the neighbouring Diſtances of the Particles; namely if 
this accelerating Force agrees with Gravity in this, v/z. in acting upon a 
Particle in Motion, as it wou'd act upon one at Reſt * ; which will hap- 
pen, if the accelerating Force depends upon the Elaſticity of the Air; 
for then the moving Cauſe is transfer'd with the Particles themſelves. 

But we demonſtrate that this very accelerating Force does really take 
Place in the Air. The Force, with which the Particles, whoſe Diſtance 
is repreſented by IR, mutually repel one another, is to the Force with 
which the Particles are repelled from one another, whoſe Diſtance is ex- 


preſſed by ir as IT to 7 *, and the Difference of theſe Forces is the 


Force, with which the middle Particle is agitated; which Force is expreſſed by 
1 1 RI - ri mi ; 7 
5 RI RIG » RI whilſt the Force, with which 
the Particles at Reſt mutually fly from each other, whoſe Diſtance is re- 
preſented GQ, is 60. 


Therefore theſe Forces are as 


mi OP 
RI x ri G 
RIx7:, or to GQ; becauſe, as the leſs Circle is of no ſenſible Magni- 
tude, in reſpect of the greater, QG, RI, vi, may be looked upon as 
equal, without any ſenſible Error. Therefore the laſt Ratio mentioned 


is that which is between i and GQ; namely by dividing each Oy 


„or as mi x G to 


by GQ, which does not alter the Ratio between them. If therefore we 


repreſent by G Q the Force, with which the Particles at Reſt mutually 
fly trom one another, im, that is, the Difference of the neighbouring 
Diſtances, will expreſs the accelerating Force; which is that, which is 
required, that every one of the Particles may move according to the Law 
of a Body vibrating in a Cycloid *. Which was to be demonſtrated. 

The accelerating Force, which acts upon the Particles of Air, may be 
compared with Gravity, and the Celerity of a Wave with the Celerity of 
a falling Body, as was ſaid in Ne. 2293. 

When a Body vibrating in a Cycloid, runs through this whole Curve, 
it is preſſed with it's whole Weight in the Points, which are moſt remote 
from the middle Point of the Way to be run through *; therefore, in or- 
der to compare with Gravity the Force accelerating the Motion of the 
Particle, whilſt it goes and comes along GO, we ought to compare with 
the Weight of the Particle the Force, which acts upon it at G, or O, and 
preſſes it towards C. | 


The Lines as 17 and im are confuſed in the Point G; therefore putting 


AD and EF equal, that is, putting AD equal to the Diſtance between 
the Particles at Reſt, and drawing DC to the Center, Gg, which is equal 


to 
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to If, will expreſs the Force, which at G preſſes the Particle towards C, | 
whilſt GQ expreſſes the Force, with which the Particles at Reſt mutually 4 
repel one another *. * 2386. 

Let us ſuppoſe the Atmoſphere, whilſt the Quantity of the Air remains 
the ſame, to be every where above the Place, in which the Wave moves, 
of the ſame Denſity with the Air in this Place; and in this Caſe let the 
Height of the Atmoſphere be SV ; let Ss be equal to AD, the Diſtance 
between the Centers of two neighbouring Particles; Ss is to SV, as Unit 
is to the Number of Particles in V; that is, Ss is to SV, as the Weight 
of one Particle to the Weight, with which the Particles S, 5s, are mutu- 
ally driven towards one another ; which Weight is equal to the Force, 
with which theſe Particles endeavour to recede mutually from one ano- 
ther by their Elaſticity *. * 26r, 

But the Weight of one Particle is to the Force at G, of which we have 
juſt ſpoken, in a Ratio compounded of the Weight of one Particle to the 
elaſtic Force of the Air at Reſt, and of this elaſtic Force to the Force at 
G; that is, in a Ratio compounded of that of Ss to SV, and Q to 
Gg. This laſt Ratio is compounded of the Ratio of QG, or AC, to 
GC, and GC to Gg, which is the ſame as the Ratio of AC to AD or 
Ss. Therefore the Ratio compounded of the Ratios of Ss to SV, and 
Q to Gg, is alſo compounded of the Ratios of Ss to SV, AC to 
GC, and AC to Ss; which is the Ratio of SSX ACx AC toSVxGC 
xSs, or of AC?, to SV x GC; therefore the Force of Gravity and the 
Force, with which the Particles are agitated in the undulatory Motion 
are in this Ratio ; and if a Pendulum, of the Length CG, ſhould be 
moved with this Force, inſtead of Gravity, it would perform two Vi- 
brations, in the Time, in which the Wave runs through it's Breadth ; for 
in this Time a Particle goes and comes *. 

Therefore if there be another Pendulum moved by the Force of Gra- 
vity and of the Length SV, the Square of the Time, in which this would 
perform two Vibrations, 1s to the Square of the Time, in which the Wave 
runs through it's Breadth, in a Ratio compounded of the direct Ratio of 
SV to GC, and the inverſe Ratio of AC! to SV xGC “*, of which is 
compounded the Ratio of SV? to AC!. Therefore the Times them ſolves 
are as SV to AC. But the Time, in which the Pendulum, whole Length 
is SV, performs two Vibrations, is equal to the Time, in which a Body, 
with a Celerity, acquired in falling half the Height S V, can run through 
the Circumference of a Circle, whoſe Semi-diameter is SV“; which“ 376. 415. 
Time as it is to the Time, in which the Wave runs through it's Breadth, 470. 
that is, the Circumference of a Circle, whoſe Semidiameter 18 AC, as SV 
is to AC, in which Ratio are the Circumferences themſelves, the Spaces 
run through are the Times; therefore the Velocitics are equal“, and the * 120. 
Propoſition delivered in N. 2293. is manifeſt. 
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SCHOLIUM IL 
Of the Intenſity of Sound. 


E have ſcen that the Intenſity of Sound follows the Ratio com- 
pounded,. of the Ratio of the Number of Particles, ſtriking 
againſt the Far, in à certain Time, and the Ratio of the Square of the 
Velocity with which they ſtrike againſt it“. Theſe Ratios muſt now be 
determined. 

The Number of Particles follows the Ratio of the Denſity of the Air; as 
alſo the Ratio of the Velocity of the Wave; for the ſwifter this is, the ſhorter 
is the Time in which the ſame Number of Particles acts upon the Ear, 
and the greater is the Number of the Particles acting at the ſame Time. 
The Number of theſe Particles alſo follows the Ratio of the Space, run 
through by the Particles in going and coming ; for the greater the Space 
is, the more the Particles remote from the Drum of the Ear run againſt 
it. Laſtly this Number follows the inverſe Ratio of the Breadth of the 
Wave; becauſe the Percuſſions of the ſame Particles are the leſs frequent, 
the broader the Waves are. . 

The Square of the Velocity, with which all the Particles act, follows 
the Ratio of the Square of the Velocity of the Wave. Of the Square of 
the Space run through, in going and coming. Laſtly the inverſe Ratio 
of the Square of the Breadth of the Wave. | 

When the Velocity of the Wave is not changed, the inverſe Ratio of the 
Breadth of the Wave is the direct Ratio of the Number of Waves, running 
againſt the Ear in a determinate Time; ſuppoſing equal Waves to follow 
one another, ſuch as are the Waves, which are generated by the continued 
Agitation of a Fibre. 

The Ratio compounded of all the Ratios mentioned is the Ratio com- 
pounded of the Ratio of the Denſity, the Ratio of the Cube of the Velo- 
city, the Ratio of the Cube of the Space run through in going and com- 
ing, and the inverſe Ratio of the Cube of the Breadth of the Wave. 

If we ſet aſide the Acceleration mentioned in N. 2305. (which does not 
alter the Velocity with which every one of the Particles 1s moved, which 
only is treated of here.) The Cube of the Velocity follows the ſeſquipli- 
cate direct Ratio of the Elaſticity and the ſeſquiplicate inverſe Ratio of the 


. Denſity “*. 


Therefore the two firſt Ratios mentioned are reduced to the ſeſquiplicate 
Ratio of the Elaſticity, and the Inverſe ſubduplicate Ratio of the Denſity. 
But the Elaſticity is as the compreſſing Weight *, which follows the Ratio 


of the Height of the Mercury in the Torricellian Tube. 


Therefore in general, the Intenſity of Sound is directly as the Square Rot 


of the Cube of the Height of the Mercury in the Torricellian Tube, as the 


Cube of the Space run through in going and coming, and as the Cube of the 
Number of Waves, running againſt the Ear in a determinate Time, and i"t- 
verſely as the Square Roos of the Denſity. 
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CH A P. VIII. 
Of the Properties of Fire in general. 


HE Philoſophers know a few Properties of Fire, yet many 

Things relating to it are conceal'd from them. I ſhall not 

invent Hypotheſes, but ſhall lay. together, in as good Order as I 

can, ſuch general Things about it as appear to me to be deduc'd 
trom Experiments. | 

The intimate Nature of Fire is unknown , but wherever we find 
Heat and Light, we ſay that there is what we call Fire. 

Therefore in order to inquire into the Properties of Fire, we 
muſt examine ſuch Bodies wherein we d:/cover one or the other of 
theſe Tokens of the Preſence of Fire. 

For we do not every where find both theſe together ; in ſeveral 
hot Bodies we can perceive no Light ; neither in ſeveral light Bodies 
can we diſcover any Heat. But whether there be really ſuch a Se- 
paration, we ſhall examine hereafter “. | * 

We ſhall alſo fee, though perhaps it cannot be fully demon- 
ſtrated, that Heat and Light proceed from the ſame Cauſe, which, 
notwithſtanding, there is 20 Body can doubt. 

Fire penetrates into all Bodies, however denſe and hard ; at the 
lame Time alſo Heat is communicated into their inward Parts, 

Fire wnites itſelf” to Bodies; for that which ſtays in the Surface, 
is alſo transfer'd with the Bodies. 
| We ſhall ſee allo that Fire is attracted by Bodies at a certain Di- 
ſtance. | | 
Moreover, we have no Knowledge of any Bodies but what contain 
Fire in them. 

Yet Fire does not enter into all Bodies with the ſame Eaſe ; which 


is to be attributed to ſeveral Cauſes, not known, It appears by 
Experiments 
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Experiments that when the Denſity is increas'd the Heat is dimi- 
niſh'd, and the Ingreſs becomes more difficult. 


The Fire contain d within Bodies, is kept there by the Bodies that 


ſurround them. 


That Fire moves appears from what we now demonſtrate, and 
that its Motion is exceeding ſwift, is manifeſt from that moſt vio- 
lent Agitation which is caus'd in Bodies, by the Action of Fire. 

When the Heat of Bodies is increas'd, the Bulk of them is in- 
creas'd too; and therefore they are dilated or ſwell'd by the Action 
of Fire. But upon the Increaſe of the Dilatation there are often 
Parts ſeparated from the Bodies, which mutually repelling one ano- 
ther by the Action of the Fire, form an elaſtick Fluid, into which 
whole Bodies are oftentimes turn'd by the Action of Fire. 

But if this Motion in Bodies, by which they are dilated, be in- 
creas'd, the Effect of it is chang'd; and the Parts of the fluid Bo- 
dies, not yet ſeparated, are ſenſibly agitated with a very violent 
Motion; and the Parts of the folid Bodies, which are not ſo ſub- 
tile, will be ſeparated from the adjacent ones. 

Which Motions nevertheleſs are often to be attributed to the Ac- 
tion of ſubtile Particles moved by the Fire, and penetrating the 
Pores of the Bodies. 

For that here are ſubtile Parts, diſtinct from Fire, which pene- 
trate Bodies by the Action of Fire, is evident from the Increaſe of 
the Weight of ſome Bodies by the Action of Fire: Since Fire 
itſelf has no ſenſible Weight. 


GH AP, . 
Some general Things concerning Heat and Li 'gbt. 


\ \ E have already obſerv'd * that Heat and Light are the 
Tokens of the Preſence of Fire ; we ſhall therefore often 


ſpeak of them, and general Things relating to them muſt be taken 
Notice of firſt of all. 


The Heat in a Body muſt be diſtinguiſhed from the Heat which we 


feel; for that is the Action of the Fire upon the Body, which is 


{aid to be hot, from whence the Parts of the Body receive a certain 
Motion, by which a Motion is communicated to ſome Parts of our 
Body, which is united with the Perception of the Heat. 


I 
But 
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But Heat, with regard to us, is nothing elſe but that Perception; 
and all that is in the hot Body, is only the Motion ariſing from the 
Action of the Fire. 


The Light which ariſes from Bodies moves in right Lines, and thoſe 
Bodies from which it ariſes are call'd lucid Bodies, 


When Light enters into our Eyes, it moves the ſmall Fibres at 


the Bottom of the Eye ; by which Motion the Perception of Light 
is produc'd in our Mind ; and this Perception with regard to us is 
Light ; but in regard to Bodies, Light is that which they emit into 
our Eyes. 

What has been obſerv'd in general concerning the Senſations *, 
muſt alſo be refer'd to Heat and Light. 

. That the Motion of Light is' in right Lines, appears from it's 
being ſtopp'd by an Obſtacle. 

But that ſuch a Motion is not requir'd in Heat, and that the Fire 
which 1s mov'd in different Lines excites a greater Heat, appears from 
the Augmentation of this, whilſt the Parts of Bodies are ſubject 
to different Motions. 

All hot Bodies do not ſhine, as we daily obſerve ; but we can- 
not conclude from thence that they have no Light. For very often 
a ſmall Light, which we do not perceive, will be very ſenſible to 
other People ; this depending upon the Conſtitution of the Eyes. 
From whence it follows, that there may be Light, though not 
perceiv'd, becauſe of the too ſmall Quantity which the lucid Body 
emits, 

In like Manner the Heat in a Body may be ſo leſſen'd, as to be 
imperceptible to us ; for it often happens that a ſmall Heat, which 
does not at all affect us at one Time, will do fo very ſenſibly at 
another Time: And therefore we cannot affirm that no Heat is in 
lucid Bodies, becauſe we do not obſerve any. 

Therefore it is uncertain whether Heat and Light can ever be 
ſeparated. 

But that theſe are very often united, there is no Body doubts, 
But whether both Heat and Light are juſtly faid to be the Tokens 
of the Preſence of Fire, that is, whether we can aſcribe to the ſame 
Cauſe theſe two different Phenomena, ſo as to entirely remove al] 
Scruples, cannot be determin'd ; yet, notwithſtanding, the two 
following Conſiderations ſeem to ſhew that there is a Poſſibility of 
determining this Queſtion. 

In the firſt Place, there are many hot Bodies, which, when their Heat 
7s encreas'd, do emit Light; and to do this there is only requir'd an 

Vor, II. K increaſe 
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increaſe of the Heat; and upon the leſſening of this the Light 
ceaſes. Red hot Iron emits Light, but when the Heat is diminiſh'd 
no Light can be perceiv'd. Smoak, as we ſhall ſee preſently, is turn'd 
into Flame, when it's Heat is increas'd. 

2421. Secondly, Jn the Sun's Rays there is a very intimate Union between 
the Heat and Light. Thoſe Bodies which reflect a great Quantity 
of Light, grow hot but ſlowly ; but thoſe which a greater Quan- 
tity of Light penetrates into, acquire Heat faſter ; and whilſt the 
Light penetrates the Body, it does not always communicate to it a 
ſenſible Light together with the Heat, which yet often happens. 

2422, Many calcin'd Stones, after they have been expos'd to the Sun's 

| Light, ſhine in the dark, which Light continually decreaſes, and 
at laſt diſappears ; but it is reſtor d again by a new Action of the 
Sun's Rays, and that ſeveral Times. Which ſame Property has 
been obſerv'd in other Stones, without any Preparation; not onl 
when they have been expos'd directly to the Rays of the Sun, but 
if they have only been for ſome Time expos'd to the Light of the 
Day, in a Place, to which the Sun's Rays do not come directly. 

In all theſe the Light is not communicated without Heat ; and 
in the Caſes in which this is weak, the Light communicated is alſo 
weak; but in other Caſes Bodies acquire Heat, without any ſenſi- 
ble Light, by the ſame Action of the Sun's Light, let this be ever 
ſo vivid. 

2423. But in the Moon's Light, which proceeds from the Sun, There 
cannot by any Art be diſcover'd any Heat ; yet there is nothing to be 

2424. gather'd from thence that Light and Heat are diſtinct. The Suns 
Light, reflected by the Moon, which comes to us, is very weak. 

When the Moon is view'd with a Teleſcope, ſome Particles ap- 
pear more lucid than the reſt of the Surface; but all thoſe join d 
make but a ſmall Portion of the Surface illuſtrated. - Theſe more 
lucid Particles do not reflect all the Light, which comes to them; 
whence it appears that the Light, reflected from the other Parts of 
the Surface of the Moon, is very much diminiſh'd. If to this we 
add that a great Part of the Surface of the Moon appears obſcure, 
it will be manifeſt, that the Moon reflects only a ſmall Part of the 
Light, which comes to it from the Sun. This Light, thus already 
weaken'd, is diſpers'd before it reaches us, whereby it is again di- 
miniſh'd almoſt fifty thouſand Times. Yet this very Light is per- 
ceiv'd by the wonderful Structure of our Eyes; if the Heat were 
lefſen'd ſo much, who wou'd affirm that it ever can produce any ſen- 
fible Effect? 
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GHAF . 
Of the Dilatation arifing from Heat. 


E have already faid that Bodies are dilated by Heat * ; but * 2403. 
as this Dilatation always increaſes with the Heat, and this 242g. 
being leſſened, is leſſen' d, it forms a new Token of the Preſence of 
Fire, which is more certain than thoſe mention'd before * ; for we * 2393. 
can meaſure the Dilatation, when at the ſame Time the various 
Perceptions of Light, or Heat, can ſcarcely be compar'd together. 
It is evident, by Experiments, that Bodies are dilated by Heat. 2426. 


— ——  — 
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EXPERIMENT I. 

The Aperture of the Copper Ring AB is circular, and it's Dia= 2427. 
meter is an Inch and an half; and this is the Diameter of the ſolid Pl. 77. F. 1. 
Ball G, which is made of the ſame Metal ; this can paſs through 
the Aperture, without leaving any ſenſible Interſtice. When the 
Globe is heated it is ſuſtained by the Ring, in whatever Poſition 
it is laid ; which Experiment alone ſhews that Bodies dilate every 
Way. 
it may be obſerv'd daily, that Fluids are dilated by Heat, in the 2428, 
fame Manner as Solids, in Thermometers, which are well known 
Inſtruments, made of Glaſs. 

Two ſuch Inſtruments are repreſented at AG, and DC; they Pl.77.F.2. 
are made of a Ball G, or better of a Cylinder C, with a Tube 
join'd to it, as AB, or DE; they are fill'd with tinged Spirit of 
Wine, or ſome other Fluid, which does not loſe it's Fluidity by 
Means of Cold. 


EXPERIMENT 2. 


A ſmall Heat, communicated to the Ball, cauſes a ſenſible Ex- 2429. 
panſion in the Tube. | 

If we make Uſe of Mercury, the denſeſt of Fluids, the Dilata- 2430. 
tion is more regular; but the Tube muſt be narrower, becauſe this 
Fluid dilates leſs. 

Theſe Inſtruments are applied to Frames, and the Dilatations 2431. 
are compar'd, by Means of Diviſions diſpos'd along the Tube. 

But it is uncertain, whether theſe Inſtruments canſhew the Degree 2432. 
of Heat, although they ſhew the ſmalleſt Alterations of Heat, That 
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is, the Relation between the Alteration in the Expanſion and the 
Alteration in the Heat, is not enough known, that the Degrees of 
Heat may be compar'd together, from comparing the Dilatations. 

If the Ball G becomes hot on a ſudden, or the Cylinder C, the 
Fluid immediately deſcends in the Tube ; but it aſcends immedi- 
ately after, 


EXPERIMENT 3. 
Boiling Water is pour'd into the Veſſel V; the Ball G of the 


Thermometer is immediately immerg'd into it ; and the Fluid that 
very Moment deſcends from c to d; but it immediately returns to 
e and higher: Then if the Ball be not ſuddenly taken out of the 
Water, the Spirit of Wine will riſe to the Top of the Tube, and 
break the Glaſs by it's greater Expanſion. 

The Reaſon of this Phenomenon is as follows. 

By the ſudden Heat, applied to the Glaſs, it is dilated, before 
the Heat penetrates into the Fluid contain'd in the Glaſs; therefore, 
the Fluid deſcends by Reaſon of the Increaſe of the Capacity of the 
Glaſs ; but the Heat is immediately communicated to the Fluid ; 
which therefore aſcends. 

From the Expanſion of Bodies it is evident, that the Particles, 


F which Bodies conſiſt, acquire a repellent Force from the Action of 


9371. 


2437. 


2438. 


2439. 


Fire, by which they endeavour to recede from one another, and which 
acts contrary to that Force by which the Particles come towards 
each other *. So long as this laſt Force exceeds the other, the 
Particles cohere more or leſs, according to the different Degree of 
Heat. When the repellent Force is nearly equal to the attractive 
Force, the Particles, which were before intimately join'd, ſcarcely 
cohere, yield to any Impreſſion, and are eaſily mov'd one amongſt 
another, if this be not prevented by another Cauſe ; in this Caſe 4 


ſolid Body is chang'd into a Fluid by Heat; which we may obſerve 


of all Bodies that are melted by Heat, and return to their firſt State 
when the Heat is diminiſh'd. 

It is a Queſtion whether all Fluidity is not owing to Heat? But 
this cannot be determin'd ; becauſe we know of no Body that is en- 
tirely without Fire in it. This is certain, that Heat is not only the 
Cauſe of the Fluidity in melted Metals, Wax, and ſuch like Bo- 
dies ; but ſeveral Bodies, which are commonly reckon'd amongſt 
Fluids, proceed only from Heat: Thus Water is melted Ice; tor 
when Part of the Heat of the Water is gone, it grows fixed. 


Heat 


Chap. 10. of Natural Philoſophy. 69 


Heat may be ſo increas'd, that in ſome Bodies the whole attract- 2440. 
ing Force of the Particles may be overcome by the repellent Force ; 
in which Caſe the Particles fly from each other ; that is, they acquire 

an elaſtick Force, which is like that, which the Particles of Air * 2096, 
have *; (which alſo is increas'd in the Air by Heat;) we obſerve 

this Effect in Smoke and Vapours. 


EXPERIMENT 4 


Take an hollow Braſs Ball E, of about four Inches Diameter, 2441- 
with an Handle M; this Ball has a Pipe T with a Hole of hardly Pl.77.F.4- 
the twentieth Part of an Inch. Let this Ball be heated, and the 
Air in it will expand itſelf &, and come out through the Pipe ; * 2428. 
then, immerging the Ball in cold Water, the Air will be again 
condenſed by the Cold, and the Water will go into the Ball, by the 
Preſſure of the Atmoſphere upon it's Surface. 

If this Ball, thus partly fill'd with Water, be laid upon the Fire, 2442. 
the Moment that the Water is chang'd into Vapours, thoſe Va- 
pours will go out through T; but if the Heat be increas'd, ſo as 
to make the Water boil violently, the Vapours, compreſs'd in the 
upper Part of the Ball, will, by their Elaſticity, endeavour to re- 
cede from each other every Way, and ruſh violently out of the Pipe. 

Such an Inſtrument is call'd an Molipile. 2447; 

The following Experiment ſhews a more ſenſible Effect of the 
Elaſticity of Vapours. 


EXPERIMENT 5 


Take the Ball E, which is alſo of four Inches Diameter, made 2 444. 

thicker than the Ball, made Uſe of in the foregoing Experiment, Pl. 17. F. 3. 
and let it be join'd to Rollers or little Wheels, as is repreſented in | 
the Figure. In it's upper Part a ſquare Box T, open forwards at 
a, is join'd to it. In the Middle of this Box there is a Separation, 
and the hind Cavity communicates with the Cavity of the Ball. 
This Separation has a Hole in the Middle of it of about 4 of an 
Inch Diameter. This Hole is ſtopt up with a Copper Pin, which 
goes through two Holes, as L, in the Sides of the Box, and ap- 
plies itſelf to the abovemention'd Separation, and as the Figure of 
the Pin is ſomewhat conical, if it be drove in with a Hammer, it 
will exactly ſtop the Hole. 

Take this Ball off of the Rollers or little Wheels ; then let it be 2445. 
heated, and in Part fill'd with Water, as in the foregoing Experi- 
ment. Let the Ball be again put upon the Fire, till the agg 

1 Oils, 
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boils, then ſhut the Hole, and let the Ball remain upon the Fire a 
little while, that the Vapour may be accumulated. Now join the 


Ball to the Wheels, and open the Hole, and the Vapour will fly 


2440. 


2447. 


2448. 


2119. 


2449. 
H. 77. 
Fig. 5. 
2152: 


out violently one Way, whilſt the Ball is carried the contrary Way. 

The Vapour, being very ſtrongly compreſs'd, endeavours to re- 
cede equally every Way, and therefore oppoſite Preſſures deſtroy 
one another; but when the Hole is open'd, the Vapour, which 
goes out, does not preſs ; therefore the Preſſure one Way being 
taken off, that which acts in a contrary Direction prevails, and 
the Ball is mov'd along. 

A Sky-Rocket riſes up into the Air, becauſe the Gun-powder, 
being ſet on Fire, 1s turn'd into an elaſtic Fluid, and it's Parts en- 
deavour to recede every Way: As the Pipe, or Caſe of it is open 
at one End, it is leſs preſs'd that Way, and conſequently at the 
other End, the Preſſure prevails, and carries up the Rocket. 

To the ſame Action of Fire, whereby Parts are ſeparated by 
Means of Dilatation, we may alſo refer the Separation of Parts, 
which conſtitute the elaſtic Fluid, proceeding from Bodies, by Means 
of Putrefattion, Fermentation, and Efferveſcence *. For this Sepa- 


ration 1s always accompanied with Increaſe of Heat, even in cold 
Efferveſcences themſelves, 


EXPERIMENT 6. 


To twelve Parts of Water add one Part of Oil of Vitriol ; this 
Mixture acquires Heat, which laſts but a little while ; then pour 
it into the Glaſs V, which is laid upon the Plate G of the Air- 

ump. 
K 1 the ſame Plate we apply the ſmall Braſs Plate AB, which 
we faſten to the ſmall Pipe, through which the Air is exhauſted *, 
whoſe Screw goes through a Hole at B. 

To this Plate is join'd the Cylinder C, which ſuſtains another 
Plate L, which is alſo of Copper, and is fo bent, as to be fur- 
rounded on one Side with a Groove i, making a Portion of a Cir- 
cle, whoſe Center is in the Middle of the Hole y; this Groove is 


_ clos'd behind, as appears at 9, and is fill'd with Sal Ammoniack, 


reduc'd to a Powder. 


The Thermometer D is put into the Glaſs; this, together with 
it's Paper Scale, which is join'd to it, is inclos'd in a Glaſs Tube, 
and repreſented diſtinctly in Fig. 3. Pl. 81; there is alſo another 
Thermometer E made uſe of, which has a Stand. All theſe are 
cover'd with the Receiver R, which is clos'd with the Cover hos 
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To the Cover is join'd the Collar of Leathers P *, whoſe Braſs Wire * 21 55. 


st, or ST, goes through the Hole h, and fits it exactly. To the 
ſame Wire is join'd the Plate F, whoſe Part 2, when the Wire is 
puſh'd down, reaches to the Bottom of the Groove. But the 
Wire is ſo diſpoſs'd, that if, by turning the Handle, the Plate F 
be agitated, it will not touch the Sal Ammoniack, which fills the 
Groove; but by depreſſing M, the Prominence 7: ſeparates a Part 
of the Sal Ammoniack in the fore Part of the Groove from the reſt. 

The Air is exhauſted from the Receiver R, and by turning the 
Handle M, the Sal Ammoniack, in the fore Part of the Groove, is 
thrown into the Glaſs V. There is immediately caus'd a great Ef- 
ferveſcence, which 1s increas'd, by ſeparating ſome more Sal Am- 
moniack in the Groove, and throwing it into the Glaſs again in the 
ſame Manner as before. 

During this Efferveſcence the following Obſervations are to be 
made; 1. That the Mercury in the Thermometer D is depreſs'd ; 
whence it appears that the Efferveſcence is cold, though moſt of 
them are hot. 2. That the Mercury in the mercurial Gage of the 
Air-pump deſcends ; which demonſtrates the Generation of an 
elaſtic Fluid. 3. Laſtly that we diſcover by the Thermometer E, 
in which the Murcury aſcends, that the Separation of Parts is made 
with Heat. 


We make the Experiments in a Vacuum, that the Phenomena: 


may be the more ſenſible. 


CH A A 


Of the Fire contain d in Bodies, where we ſhall ſpeak 


of Electricity. 


E have already faid that Fire is contain'd in all Bodies 


neighbouring Bodies, 


I There: 


2450. 


2451, 


245952, 
known to us *. And this we find to be ſo, becauſe we * 115 

every where find Fire; for there are no ſolid Bodies round the 

whole Surface of the Earth, but what may be made hot by rub- 

bing; but what is demonſtrated in the following Chapter, does 

more evidently prove, that there is Fire every where throughout 

the Surface of the Earth; viz. that Heat is communicated from a 

Body which is hot, to another near it, which has not ſo much 

Heat : From whence it follows, that if there be any without Fire,, 

and fo without Heat, it will iramediately receive Heat from the 
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There are ſeveral very remarkable Phenomena, which are 
aſcrib'd to the Fire contain'd in Bodies; ſome of which ought to 
be mention'd here : Amongſt which there are ſuch as have a near 
Relation to Electricity; for which Reaſon we muſt alſo treat of the 
Phenomena of Electricity. 


DEFINITION, 

Electricity is that Property of Bodies, by which when they are 
heated by Attrition, they attract and repel light Bodies at a ſenſible 
Diſtance. 

Many Philoſophers thought that very few Bodies had this Pro- 
perty ; but it is now manifeſt that moſt Bodies have it, though 
unequally, and in a different Manner. Many ſurpriſing Things 
concerning this Property have been diſcovered in England and 
France ; but to treat of this Matter wou'd lead us from our Pur- 
poſe ; I ſhall only mention a few Experiments, made above thirty 
Years ago in England, to make manifeſt the Connexion between 
the Cauſe of Electricity and Fire, if theſe two ought really to be 
diſtinguiſh'd ; later Experiments confirm my Concluſions, 


EXPERIMENT 1. 


A Glaſs Tube 15 or 18 Inches long, and of above one Inch in 
Diameter is rubb'd with a dry Hand, or with a dry linen cloth, 
and Light is perceiv'd; this follows the Hand, and does not re- 
main in the 'Tube itſelf, but, at a ſmall Diſtance from it, in the 
Body, with which the Tube is rubb'd. 

When we ceaſe to rub the Tube no Light is perceiv'd ; but, if 
any Body be mov'd along the Tube a ſmall Diſtance from it, not 
exceeding a Quarter of an Inch, a faint Noiſe is heard, and ſparks 
of Fire emitted as it were out of the Glaſs with a Noiſe, appear 
upon the Surface of this Body. If the Body be again carried along 


the Tube, nothing of this is obſerv'd, without the Tube is firſt 
rubb'd again. 


| EXPERIMENT 2. 
This Tube by being rubb'd, acquires a very ſenſible Electricity; 
for if light Bodies, ſuch as Leaf Gold and Soot, be laid upon a 
Plane, and the Tube be brought near to them, they will be put in 


Motion, aitracted, and repell'd, and driven ſeveral Ways by the 
Tube. 
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If a Body, at a ſmall Diſtance from the Tube, be mov'd along 


it, a Noiſe is heard, as in the foregoing Experiment, and the Elec- 
tricity ceaſes, which is reſtor'd again by Friction. 


A MACHINE, 
Whereby Glaſs Globes are ſwiftly whirP'd about. 


In the following Experiments Glaſs Globes are ſwiftly whirl'd 


about. Such a Globe is repreſented at G; the two oppoſite Parts Pl. 79. F. 1. 


of it are cylindrical; one of which is open, and both theſe Promi- 
nences are ſurrounded with the Copper Ferrels a and bh. A Cock 
e muſt be ſcrew'd on to the Ferrel at the open Part of the Globe; 
and the oppoſite Braſs Cylinder muſt have a little Wheel r, of 
about two Inches Diameter, join'd to it, with a ſmall Braſs Axis 
ſtanding out; there is juſt ſuch another Piece of Braſs ſcrew'd on 
to the Cock, fo that it may be taken on and off at pleaſure. Theſe 
Axes go into the Pillars ST, that ſupport the Globe, and which 
have the Holes c, c, in them, to receive the Axes, upon which 
the Globe turns. 

The Pillars ST ſtand upon a ſtrong horizontal Board, at leaſt an 
Inch and an half thick, framed into three other Boards E, F, I. 


Between the foremoſt is ſuſpended the Wheel R, which is turn'd | 


round by the Handle M. Between F and I is plac'd the croſs 
Piece H, to make the Machine the firmer. 

The Pillar S may be faſtened in either of the three Places, 
7, 7, 1; the Tail of it, which has a Screw upon it, goes through 
the Board, that an outward Screw, which 1s ſcrew'd on by a 
Key, may be join'd to it under the Board, a thin Plate of Iron 
being firſt put between, that the Wood may receive no Damage ; 
which that it may be done conveniently, the Board E is cut at 
„, I, J. In the dame Manner, the other Pillar T, which moves in 
a Slit, is faſtened under the Board, by Means of a Screw; for this 
Motion is neceſſary, when the Globe is to be applied to the Ma- 
chine or remov'd from it. This Slit is four or five Inches long; 
becauſe the Globes, which we make Uſe of in the Experiments, 
are not all equal. There muſt be three ſuch Slits, to anſwer to 
the Holes, 7, 7, 1. 

By the Wheel R the Globe G is ſwiftly whirl'd about; becauſe 


the Rope, which goes round the Wheel R, goes alſo about the 
mall Wheel 7. 


Vor. I. . At 


2458. 


24.59. 


2460. 


2461. 
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2462. At the Side of the Board D, there is a Slit at u, along which 


the Pulley ? moves, as is repreſented ſeparately at N; this Pulley of 
coheres with the Screw d, by Means of which it is mov'd along di 

the Slit, whereby the Rope 1s ſtretched that goes about the Wheels 

R and r, which Rope alſo goes about a Pulley fix'd under the 
Board, as is repreſented at M, the fix'd Pulley is g. 
t 
EXPERIMENT 3. in 
2463, Apply a Glaſs Globe of about eight or nine Inches Diameter, to P 
Pl. 7 F. 2. the Machine above-mention'd, and let it be briſkly whirl'd in a I 
dark Place, the Hand all the while being held againſt it, to give it ir 
Attrition. 1 
If the Globe be exhauſted of it's Air, it will appear all lumi- 0 
nous within, but moſtly ſo where the Hand touches the Glaſs. tl 
EXPERIMENT 4. ] 
2464. But if the Globe has Air in it, and being whirl'd in the ſame b 
Manner, the Hand be applied to it, no Light appears, either in d 
the inner or outer Surface of the Glaſs; but Bodies at a ſmall Di- 1 
ſtance from the Glaſs (as for Example at a Quarter of an Inch, or V 


nearer) become luminous; and ſo only thoſe Parts of the Hand 

held againſt the Glaſs, which terminate, or rather environ the 

Parts that immediately touch the Globe, are luminous, as was ſaid 
* 2455, of the Tube *. 


EXPERIMENT 5. 


2465. We make Uſe of four Iron Pillars, ſuch as we have mention'd * ; 
Pl. 79. F. 3. two of them are faſtened in the fide Holes i, i; the two others in 
* 2460.2461. the correſponding Slits. The two Glaſs Globes G, and H, are 

applied to the Board, which are turned about by one Rope only, 
but it is longer than that which was uſed in the foregoing Expe- 
riments. The Globe H has Air in it, G is exhauſted ; the ſmalleſt 
Diſtance between the Globes, is equal to a Quarter of an Inch. | 
The Globes being whirl'd about in the Dark, if the Hand be ap- 
plied to the Globe H, and there 1s a Friction, the other Globe G 
becomes lucid, and the Light is of the Figure, repreſented here. 
If the Motion of the laſt Globe be directed towards the contrary 
Part, the Figure of the Light is turned the other Way ; but it re- 
mains, whether the Motions of both Globes conſpire, or are 
contrary, | 


3 re 


When 
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When the Friction is left off, but the Motion is continued, it 
often happens, that the Light continues ſome Time, before it 
difappears. 


EXPERIMENT 6. 


We make uſe of the ſame Globe alſo here, which we uſed in 
the third and fourth Experiments ; and it is applied to the Machine 
in the ſame Manner, that it may be whirl'd about: The upper 
Part of the Globe is ſurrounded, at the Diſtance of about four 
Inches from the Globe, with a Braſs Wire mpo, circularly bent 
in the upper Part, and whoſe Ends are faſtened in the Board. Small 
Threads are tied to it, which being extended towards the Center 
of the Globe, come within a Quarter of an Inch of the Surface of 
the Globe. 

Whirl the Globe and apply the Hand, and immediately the 
Threads will be mov'd irregularly by the Agitation of the Air ; 
but when the Glaſs is heated by the Attrition, all the Threads are 
directed towards the Center of the Globe, as may be ſeen in the 
Figure: And if the Hand be applied a little on one Side, the Threads 
will be directed obliquely to another Point in the Axis, 


EXPERIMENT 7. 
If the Air be drawn out of the Globe this Effect ceaſes. 


EXPERIMENT 8. 


Take another Globe different from that, with which the fore- 
going Experiments were made. In this Experiment the Aperture 
of the Globe G muſt be larger ; that you may put into it a round 
flat Piece of Wood o, that has a Braſs Wire q joined to it. In 
order to fix this Piece of Wood in the Middle of the Globe, the 
Wire is ſcrew'd on to the Cover, which is applied at h to the 
Aperture of the Globe, the Cock e is joined to the Middle of the 
Cover. 

To the Circumference of the Wooden Circle o ſmall Threads 
are faſten'd, which, being extended, almoſt touch the inner Sur- 
face of the Globe. 

Apply the Globe to the Machine before-mention'd *, and turn 
it round ; and rub it, as was done in the former Experiments : 'The 
Globe being heated by the Friction, if you ceaſe to whirl the 
Globe, and the Hand be taken off, the Threads will immediately 
ſtretch themſelves out like Radii from the Center towards the Sur- 
face of the Globe; yet they hardly remain one Moment at Reſt, 

„ and 
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2468. 
Pl. 79. F. 4. 
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and though the Globe be exactly ſhut, theſe Threads are put in 
Motion by the Agitation of the outward Air, as appears by blow- 
ing againſt the Globe, though you ſtand two Foot off, or farther, 
from the Globe. If you bring your Finger towards the Globe, 
though you do not touch it, the Threads next to it will be at- 
tracted by the Finger, and directed towards it; nay, and ſome- 
times they fly from it. If you apply the Hand to the Globe, the 
Threads will be mov'd violently and irregularly. 


EXPERIMENT g. "ol 

2469. And if the Air be drawn out, as in the foregoing Experiment, 
the Effect ceaſes, and the Threads (both before and after the Fric- 
tion) only hang down by their Gravity. If only Part of the Air 
be taken out, the Erection of the Threads, and their Agitation, 
take Place. 

2470. If we attend to all the foregoing Experiments, the following 
Concluſions ſeem to be naturally deduc'd from them, which we 
do not give out as certain, but very probable ; for we muſt always 
diſtinguiſh Certainty from Probability. 

2471. That Glaſs contains in it, and has, about it's Surface, a certain 

* 2457-2460. Atmoſphere, which is excited by Friction , and put into @ vibratory 
2468. Motion; for it attracts and repels light Bodies +. The ſmalleſt 
T 2457. Parts of the Glaſs are agitated by the Attrition, and by Reaſon of 
their Elaſticity, their Motion is vibratory, which is communicated 

to the Atmoſphere above-mentioned ; and therefore that Atmo- 

ſphere exerts it's Action the further, the greater Agitation the Parts 

of the Glaſs receive when a greater Attrition is given to the Glaſs. 
The Action of this Atmoſphere produces other Effects alſo; for 

. to the Friction alone, ariſing from this Action, we ought to at- 
tribute the Light, which appear'd in the exhauſted Globe, in the 

* 2405. fifth Experiment *, there being no viſible Friction. 

2472. The Fire, contain'd in the Glaſs, is expell'd by the Action of this 
Atmoſphere, at leaſt it is mov'd with it. For when light Bodies are 
put in Motion at a Diſtance from the Glaſs ; the Bodies alſo become: 

©2455-2457: lucid at a Diſtance *. | 

2 „It is plain, that this Atmoſphere and Fire is more-eafily mov'd in a 

773. Place did of Air : For if the Globe be exhauſted of it's Air, 
there can be perceiv'd no Light, nor any Action of Electricity on 

2483. 2467. the Outſide of the Globe *, but the Inſide of the Globe appears 
very luminous, and this Fire is perceiv'd to be in greater Quantity 
in this Experiment, than in that immediately after mention'd &. 


2474+ But the Action of the Electricity does alſo ceaſe on the Inſide 


when 
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when the Air is drawn out *, which ſeems to overthrow what we ® 2469 
ſaid of the more eaſy Motion of the Atmoſphere in Vacuo : But 

yet it is not probable that it ſhou'd move no whither in this Caſe, 

On the contrary, it ſeems to go the ſame Way as the Fire, and to 

move that Way where there is the leaſt Reſiſtance ; and that the 

ceaſing of the Action of Electricity is to be attributed to the want 

of Air, by Means of which, the Threads are mov'd by the Atmo- 2475. 
ſphere ; in the ſame Manner, as Fire, which freely penetrates all 


Bodies, by Means of the Vapour *, or the Air, (for there is no * 2442. 2446. 


Exploſion of Gunpowder without Air) acts upon them violently. _ 
But laying aſide Conjectures, though they have a great many Ex- 
riments for their Foundation, let us return to other Things relat- 

ing to Fire. But ſeveral Experiments are to be made in Vacuo, in 

which Friction is requir'd, which muſt be made with the following 


Machine. 


A MACHIN E, 
Whereby Bodies are whir'd round fwiftly in Vacuo. 


G is the Plate of the Air-pump *, upon this ig aid the croſs 2476: 
Piece of Copper ADB, which is faſten'd, by a Serew which goes Pl. 80. 


through the Hole v, whereby the Pipe is join'd to the Plate, Pl. 8 1. 

through which the Air is exhauſted +. This croſs Piece is fo diſ- Fig. 1. 

pos'd, that the Hole / may anſwer to the Hole in the Middle of“ 2143. 

the Plate G; for which Reaſon there is below the croſs Piece a 1 2152. 

mo Cylinder, ſtanding out, which goes into the Hole of the“ 2154. 
ate. 

Into this Hole of the Plate, underneath, is put the Collar of 2 477 
Leathers p, whoſe Cover is 4 *. To this is join'd the Copper Plate & 21 55. 
N 45 to which the ſmall Pillars o, o, made of the ſame Metal, 
adhere. | 

Theſe being thus join'd together, we put the Axis g a through 2 478. 
the Hole J, and through the Collar of Leathers. . It's Part a6 is 
thicker than the reſt of it, and has a Screw upon it ; the Part f is | 
ſmaller and cylindrical ; the Leathers in the Collar ſurround this, 
and during the turning about of the Axis, theſe Leathers hinder the 
Air from getting in. . 

To this Axis at g, where it is ſquare, is join'd the little Wheel 7, 2 479: 
which is faſten'd by Means of the Screw H. This Wheel is dode- 
cagonal, the Sides being a little hollow'd, that the Angles, whoſe 
Sharpneſs is taken away, may ſtand out the more; the Dodecagon 
is inclos'd between two thin round Plates, which are prominent 

I | every. 
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every Way, that the Rope, of which I ſhall ſpeak afterwards, may 
be kept in it's Place. 

The ſmall Plate 7 7, is applied to the Pillars o, o, and kept there 
by the Screws y, y; this Plate ſuſtains the Axis, whoſe End 2 goes 
into the Cavity x. ' 

Upon the croſs Piece ADB ſtand the two Pillars C, C, which 
ſuſtain the Plate H, H, which is faſten'd with the Screws m, m. 
In the Middle of this Plate there is a Piece with a Hole in it, to 
receive the End q of the Axis ſo often mention'd, 

To the Plate AB of the croſs Piece are applied the ſmall Plates 
T, T, upon which ſtand the elaſtic Plates EF, EF. The Plates 
T, T, are faſtened by Means of the Screws e, e, e, e, going through 
Slits in the Plates into the Holes x, x, x, x; and by this Method 
the Plates may be faſtened at different Diſtances from the Axis. 

The Parts hitherto mentioned are of Copper, and are ſufficient, 
when Experiments are to be made, in which there is required a 
ſwift whirling about of the Axis, and a greater Friction. The Axis 
then goes through the Body, which is to be whirled about, and the 
Bodies, by which it is to be rubbed, are joined to the Plates EF, 
E F, as will kg explained more diſtinctly in the particular Experi- 
ment. 

All this Apparatus is covered by the Receiver R *, and the Air 
is exhauſted, The Rope is put about the little Wheel, and wooden 
Handles are joined to the Ends of it, which are held in the Hand, 

The Rope being now ſtretched, if the Hands be moved alter- 
nately ; the Axis will turn firſt one Way and then the other. 


ADDITIONS 


To the foregoing Machine, when a more violent Friftion, or a Motion 
for a longer Time, is required. 


In theſe Caſes a Wheel muſt be applied to the Machine. 
To the Sides of the Box, which contains the Air-Pump, are ap- 
plied, and faſtened with Screws, Boards three Inches broad, whoſe 


 'Thickneſs appears at K and K. To theſe are joined the ſmaller 


Boards L, L, to which is applied the Board I I, in the Middle 
of which there is a ſmall Braſs Pipe, through which the Axis 
of the Wheel Q paſſes ; the other End of this Axis goes into a like 
Pipe, which is faſtened to the ſolid Wooden Piece, which ſtands 


upon the Bottom of the Box, and is faſtened with Screws. 


2484. 


The ſmaller folid Wooden Pieces N, N, are joined to the Boards 
K, K; through theſe ſolid Pieces go the Iron Tails of the or 
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Pulleys , f; a. Part of which Tails is ſquare, and Part of them 


makes a Screw. The Rope goes about the Wheels Q and r, and 


es over the Pulleys , f, between which the Rope is horizontal; 
but one of the Pulleys 1s raiſed a little higher than the other. The 
Rope 1s ſtretched, by turning the Screws c, c. 

By turning round the Wheel, the Axis is ſwiftly whirled about, 
though there is a great Friction between the Body whirled about 
and the others, which are joined to the Plates EF, EF. The Rope 
in this laſt Caſe muſt be ſtretched more. 


EXPERIMENT 10. 
Take a Glaſs Globe of three Inches Diameter, or two Inches 


and an half, which has a Hole at each Side; the Parts where the Plat 


Holes are may be cylindrical. The Axis 45 * is put through theſe 
Holes, that the Globe may be whirled about ; the Parts of the 
Globe, where the Openings are, are covered with the Cork s, s, 
and it is faſtened by Means of the Screws O, O. The loweſt of 
theſe is faſtened, by a ſmaller Screw a, which goes into the Hole 6; 
the Globe is faſtened by turning the upper Screw. 

The ſolid Pieces of Wood 8 8, are joined to the Plates EF, EF, 
and are ſurrounded with Paper ; theſe ſolid Pieces are applied cloſe- 
ly to the Globe, and faſtened by the Screws e, e, e, e. 


Every thing elſe being diſpoſed, as has been faid in the Deſcrip- 


tion of the Machine, the Air muſt be exhauſted from the Re- 


ceiver *. 

The Globe, being thus faſtened, together with it's Axis in Va- 
cuo, is ſwiftly whirled about, by the Motion of the Wheel Q, and 
there is a Friction *. 

If the Experiment be made in the Dark, the Globe will appear 
lucid; and the Motion being continued, that the Globe may be 
heated by the Friction, the Light is indeed increaſed, but then it 
is obſerved to be fixed in the Places where the Friction is. 

It follows from this Experiment, that the Fire, contained in Glaſs, 
does not want Air, to make it appear ; for the Glaſs grows hot, and 
ſhines, the internal and external Air being taken away. 

The like Experiments may be made with other Bodies. 


EXPERIMENT II. 
That Quickſilver contains Fire is plain, from Experiments. For 


if Mercury well cleaned be ſhaked about in a Glaſs, it will appear 


luminous. 
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425 EXPERIMENT 12 

The Light is more ſenſible in a Place void of Air. 

If you put a ſmall Quantity of Mercury into a Glaſs Globe; the 
Globe may be whirled round, as has been explained before *, which 
will be delightful to ſee, if the Glaſs be moved ſlowly. 

The Globe, that has the Mercury in it, is exhauſted by joining 
to it a Pipe about two Foot long, and by joining the other End of 
the Pipe underneath, to the Hole in the Middle of the Plate of the 
Air-Pump “. : 

Then if you cover both that Hole and the Hole through which 
the Air is drawn out with a Receiver, put upon the Plate mentioned, 
the Air will be eaſily drawn out of the Globe. 


EXPERIMENT 13. 

A ſmall Quantity of Mercury well cleanſed is poured into the 
Glaſs Bottle A; the Air is drawn out, and the Bottle is exactly 
cloſed with a Glaſs Stopple. If this is ſhaked about in the Dark, 
the Mercury will appear luminous. 

In order to exhauſt the Bottle, it is laid upon the Plate of the Air- 
Pump; it is covered with a Receiver open at Top, and the Aper- 
ture 1s cloſed with a Cover, to which a Collar of Leathers is join- 
ed *, To the Braſs Wire, which goes through the Collar of Lea- 
thers, is joined a Box, which is filled with ſoft Wax, into which 
the upper Part of the Stopple is thruſt. The Stopple is ſuſtained 
by the Coheſion of the Wax, and is ſo ordered as to anſwer to the 
Mouth of the Bottle. 

The Air is taken out of the Receiver. The Braſs Wire is thruſt 
down, and the exhauſted Bottle is cloſed, the Air is admitted into 
the Receiver, and the Stopple is preſſed tight. 


EXPERIMENT 14. 
Take a Braſs Plate O, and ſcrew on to it the Pipe E E, whoſe 
other End is ſcrewed to the Air-Pump *, that the Air may be drawn 
out from the Glaſs Receiver R laid upon it. The Pipe, through 


Receiver about four or five Inches, be bent, and have a ſmall Hole 
in it; which muſt be taken Care of, for Fear any Mercury ſhould 

get into the Air-Pump. 
The Middle of this Plate, has a Braſs Pipe B, which has a ſmall 
Glaſs Tube within it; the lower Part of the Braſs Pipe 2 1s 
ut, 
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ſhut, -comes down almoſt to the Bottom of the Veſſel V, that con- 


tains very clean Mercury: There is an Hole in the Side of the Pipe, 
exactly ſhut by the Pin A; there is a Glaſs Tube at 6, at the upper 
End of the Pipe B, ſtanding out, which goes into the Veſſel R, and 
has a ſmall Aperture. 

The Height of the Receiver R 1s about ſixteen Inches, and it's 
Diameter four Inches; pump the Air out of it, and then open the 
Hole in the Side of the Pipe B, and the Mercury will, by the 
Preſſure of the external Air, violently enter the Pipe, and ſpout up 
through the Glaſs Tube, and ſtrike againſt the Top of the Receiver 
R with great Force. 

The Experiment muſt be made in a dark Place, and the Mercu- 
ry will appear luminous. 

Mercury, if Metal is not mixed with it, may be well cleanſed 
by the following Method. We put the Mercury in an open Veſ- 
ſel together with Water and white Sope upon the Fire; when the 
Water boils up violently, the Mercury is moved about with ſmall 
Rods ; then, by repeating the Lotions with hot Water, the Mercu- 
ry is cleanſed from the Greaſineſs of the Sope; then it muſt once or 
twice paſs through a Paper Funnel, whoſe Spout is ſmall : This 
dries the Mercury, and clears it of all the Dregs. 

Many hard Bodies emit Light by being rubbed. 


EXPERIMENT 15. 


Take two Pieces of Chryſtal and rub them together ; they im- 


mediately become luminous ; but the Light is more vivid, where 
the Contact is. 


EXPERIMENT 16. 

If the well known chymical Preparation of Urine, which is 
called Phoſphorus, be kept in Water, and then you take out ſome 
of it, and roll it up, ſo as to make a kind of Pencil, with which 
you write upon a Piece of Paper, the Letters will appear all Fire, 
if you put the Paper in a dark Place. When you take the Phoſ- 
phorus itſelf out of the Water, it will grow hot and ſmoke; all 
which ſhews, that the Phoſphorus contains a great Quantity of Fire 
In it. 

In this Experiment we may obſerve that Water acts ſenſibly upon 
the Fire contained in the Phoſphorus ; for it keeps it in, fo long as the 
Phoſphorus is covered with the Water ; but as ſoon as the Water 
is taken away, the Heat and Smoke immediately ſhew that the 
Fire iſſues out of the Phoſphorus. 
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CHAP. XII. 
Of the weaker Motion of Fire, where we ſhall ſpeak of 


the Communication of Heat. 


74 E obſerve a three-fold Motion in Fire. 

The firſt is that by which Heat is communicated, and Bo- 
dies dilated, without any Separation of their Parts, or Change of 
6 their Order; this muſt be treated of in this Chapter. 

2502. The ſecond, which differs only from the firſt in Degree of In- 

tenſity, is that by which the Parts of Bodies are diſſolved, or move 
amongſt themſelves; we ſhall conſider this in the following Chapter. 

2503, The third and laſt is, that it moves in ſtrait Lines, as we diſco- 

ver in Light; of which I ſhall ſpeak in the next Book. 

2504. One hot Body communicates Heat to another, which is not ſo bot, up- 

on their mutual Application, but loſes ſome of it's Heat in the Action. 

2:05, From whence we gather, that the Fire moves until there happens 
- to be an Equilibrium between the Actions of adjacent Bodies : And 

in that Caſe we fay the Degrees of Heat are equal. 

2 506 It follows from that Equilibrium, that however different the ad- 

Jacent Bodies are, theſe act in the ſame Manner upon Thermometers, 


2500. 
2501. 


EXPERIMENT 1. 


2507. If a Thermometer be ſuſpended in the Air above the Surface of 
any Fluid, it will have the ſame Degree of Heat as a Thermome- 
ter, which is immerſed in the Fluid, whether it be Water, any 
Oil, Spirit of Wine, or any other Fluid. 

2:08, But this Equilibrium in the Actions of the Fire contained in dif- 
ferent Bodies will not happen till after ſome Time. 

2509, We further deduce from this Equilibrium, that in all Bodies the 
Heat is equally diſperſed throughout them.. 

2510. As alſo we ſee why Bodies ſeparated and ſurrounded with Air, or 

any other Fluid, through which the Heat is equally diſperſed, do 
acquire equal Degrees of Heat, 


| EXPERIMENT 2. | 
Kir. We make uſe of two Cylinders A and B, the firſt of Marble, the 
Pl. 8 1. F. 4. ſecond of Wood. They are hollowed cylindrically in the Middle 
in ſuch Manner, that Thermometers may be put into the r of 
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them; we made uſe of the ſmall ones c, d, mentioned above *, and * 2449. 


one of which is repreſented in Fig. 3. | 

After the Thermometers are put in, the Apertures of the Cavities 
are cloſed ; the Stopple a, of the Cylinder A, is of Marble, the o- 
ther 5-15 of Wood; by putting Wax round all Communication with 
the external Air is cut off. | 

We make uſe of a third Thermometer alſo E F, which has alſo 
been mention'd above *; this is put between the Cylinders. 

The Heat of the Air, ſurrounding the Bodies, being alter'd, the 
Thermometer EF immediately ſhews the Alteration ; if the Tem- 
per of the Air remains the ſame, the Thermometer d will ſhew the 
ſame Degree of Heat; if it be continued, c will be diſpoſed in the 
fame Manner. 

I have always obſerv'd, the Alterations to be thus ſucceſſive, and 
laſtly equal, for many Months. 

It is moreover manifeſt from hence, why the Steam of the Sur- 
face of boiling Water, included in a Veſſel, has the ſame Degree of 
Heat as the Water ; and why the Heat is not increaſed when the 
Vapours are accumulated ; and not diminiſh'd, when even a great 
Quantity of Fire goes outof a given Hole along with the hot Vapours. 

We have ſaid that Bodies of the ſame Heat act in the ſame Man- 
ner upon the Thermometer, and this happens, becauſe of the ſmall 
Quantity of Liquor contain'd in the Thermometer; theſe Actions 
do not ſenſibly change the Heat of the Bodies. 

But in many other Caſes Bodies equally hot do not act after the ſame 
Manner upon the ſame Body ; neither in different Bodies, encom- 
paſſed by the ſame Fluid, equally hot every where, will the Heat 
become equal to the Heat of the Fluid itſelf in the ſame Time; as 
we have ſeen in the laſt Experiment. 

Whence it follows that ſome Bodies are more difficult to be heated 
than others, and that from a twofold Cauſe : For the Parts of all 
Bodies are not mov'd with the ſame Eaſe, and Fire enters ſome with 
more Difficulty than it does others. 

It is manifeſt, that in Heat there is requir'd a certain Agitation 
of the Parts of a Body; becauſe upon increaſing the Heat, this Agi- 
tation becomes ſenſible : But the Parts of Bodies are different, and 
theſe in different Bodies do not only differ in Denſity but Coheſion 
too ; and therefore the Agitation cannot be communicated to them 
with the fame Eaſe; conſequently unequal Actions of Fire are re- 
quir'd to the Communication of equal Degrees of Heat: And the 
Heat is not proportional to the Quantity of Fire, 

| | M 2 ExpPE- 
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EXPERIMENT 3. 


If a Perſon puts both his Hands, when they are equally hot, one 
upon Wood, and the other upon Marble, both equal in Bulk, and 
equally hot, but the Heat of which is ſenſibly leſs than that of the 
Hands; the Hand, which lies upon the Marble, will loſe more 
Heat, and communicate a leſs Degree of Heat to the Marble, than 
that Degree which the Wood has acquir'd from the Hand laid up- 
on it, which does not loſe ſo much Heat. Theſe Things are fo 
ſenſible, as to require no other Meaſure. 

It is alſo manifeſt from Experiments that Fire does not penetrate 
all Bodies with the ſame Eaſe. This is what we have obſerv'd al- 
ready *, as likewiſe that he hotter the Body is, the more tafily will 
Fire penetrate into it. A burning Speculum produces a leſs Effect, 
that is, reflects a leſs Quantity of Fire when it's Heat is increaſed ; 
which is a Sign that there is a great Quantity of the adventitious 
Fire that enters into the Speculum and there ſtays. 

Alſo the Effect of this Speculum is diminiſh'd, when the Sun's 
Rays paſs through the Air which has been already heated by them; 
and this ſhews that Fire enters hot Air in a greater Quantity than it 
does cold Air. 

Thoſe Bodies which are the moſt difficult to heat, preſerve their Heat 
the longeſt, whilſt they communicate Heat to leſs hot, adjacent 
Bodies. 

When a Body gives Heat to ſuch Bodies as are near it, the Parts 
in it's Surface loſe ſome of their Heat, to which Parts the Fire con- 


tain'd within the Bodies does then come; therefore the Diminution 


of the Heat is ſucceſſive, and the central Parts. keep their Heat the 
longeſt. 


Hence we fee, that a Body may keep it's Heat a long Time, if it 
be involvb'd within other Bodies; and the Heat will continue a lon- 


ger or ſhorter Time, according to the Difference of the Bodies in 
which it is involved. 

This appears by daily Experience, and particularly is obſerv'd in 
hot Water, in which the Heat is preſerv'd by the circumambient Air. 


EXPERIMENT 4. 

Take two equal Veſlels, about three Inches high, and about an 
Inch and half wide, or leſs. Put an equal Quantity of boiling 
Water into each of them; let one of them be ſet upon the. Air- 
Pump Plate, and exhauſt the Air out of the ſmall Receiver put over 

1 4 
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it. Whilſt the Preſſure of the Air is diminiſhing, the Water 

boils violently, and Fire goes out of it. For the Air being let in, 

we find the water to be warm; whilſt the other, which remain'd 

expoſed to the Air in the open Veſſel, loſes only a little of it's 

Heat. 

One may obſerve ſomething like this in Wood that emits Light; 2 529. 
for ſome Wood that is rotted in the Ground emits Light, when it is 
taken out; the Earth that encompaſs'd the Wood kept in the Fire, 
which goes out when that is remov'd, and the Wood continues to 
emit Light for ſome Days. In an exhauſted Receiver, the Light is 
ſoon deſtroy'd, and is not reſtor'd by the Re-admiſſion of the Air. 

Whilſt Fire expands itſelf every Way, and increaſes the Heat 2530. 
of adjacent Bodies, it does not tend to all Parts with the ſame Eaſe *; * 2520. 
but if it's Motion towards ſome Parts be more difficult, it will be | 
increaſed towards other Parts; as may be obſerv'd in a Plate, or 
Iron Cylinder, having one End red hot, and the other no ſenſible 
Heat ; for if the red hot End be immers'd in cold Water, the other 
End will grow hot. | 
The Fire which enters into Bodies, puts their Parts into Moti- 2 531; 
on *; the Parts mov'd act upon the Fire contain'd in them, and * 2 517. 
increaſe the Motion of it; therefore, when extraneous Fire acts u 
on a Body, the Heat thereof is not only increas d by the Action of that 2 532, 
Fire, but alſo by the Increaſe of the Fire that was within the Body 
before ; great Fires confirm the Truth of this, and demonſtrate that 
it is ſo in all burning Bodies; for we can form a Judgment of what 
happens in ſmall Motions, from what is ſenſible in great ones. 

We ſhall now ſpeak more particularly of that increas'd Motion. 


CH A-F. AM 


Of the more violent Motion of Fire. Where we ſhall 
ſpeak of the Diſſolution of Bodies, cauſed by the Action 


of Fire. 


HEN the Motion of Fire is increas'd, the Effect of it is 253g; 
the turning of a Solid into a Fluid *, and of this laſt into * 2 437. 
an elaſtic Fluid, as has been ſeen . But when the Heat of the * 2440. 
Fluid is increas'd, before it is turn'd into an elaſtic Fluid, the Parts | 
of the Body itſelf have a moſt violent Agitation amongſt one another, 
lo as 7 cauſe the Fluid to boil; For performing which 1 2534. 
1 4 
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the Action of the Fire need be ſo much the lefs as the Fluid is Iſs 
compreſs'd. 


EXPERIMENT 1. 


2535. Pour warm Water into a Glaſs Veſſel, and put it on the Air-Pum 
Plate ; cover it with a Receiver, exhauſt the Air, and it will boil 
violently. It is manifeſt enough how the increaſe of the Compreſ- 
fion cauſes it to boil with more Ditticulty. 

2536. And the greateſt Degree of Heat that the Fluid can acquire, de- 
pends upon that Compreſſion, as may be gather'd from the Experi- 

* 2528. ment above-mention'd *. 

2537. The ſmall Parts of all Bodies are not ſuch, that the Bodies be- 
come Fluids upon the leſſening of the Coheſion of thoſe Parts, not- 
withſtanding their being ſeparated from one another by the Action 
of the Fire. | 

2538, The Solution of Bodies when they become Fluids is call'd Fuſi- 
on: And the Converſion into an elaſtic Fluid is call'd Evaporation, 

* 2537. andExhalation. Alſo the third Separation of Parts above mention'd *, 
is call'd the Combuſtion or burning of Bodies, and ſometimes their 
Calcination. 

2539. We have already ſpoken of Fuſion, Evaporation, and Exhala- 

* 2437-2440. tion &; what has been ſaid, may alſo be referred to Combuſtion and 
Calcination: But their Difference muſt be attributed to the Frame 
of the Bodies themſelves. 

2540. But what relates to Combuſtion and Calcination, is deduced from 

2436. 2517. What has been ſaid about Heat * ; who does not perceive, that up- 
on the Increaſe of the Motion of the Parts, they muſt at length be 
diſſolv'd. 

2541. But before we ſpeak of Combuſtion, the Parts themſelves, ſepa- 
rated in Exhalations, muſt be conſider'd. 

Theſe being intimately join'd with Fire fly off by the Motion of the 
. Fire. Amongſt theſe the Particles of Water turn'd into Vapour 
are remarkable ; which demonſtrate, that Fire and Water are not 

2542. ſuch oppoſites, as is commonly thought; for the Fire adberes to 
all the watery Particles, and hinders them from joining with the 
neighbouring Particles; but the Fire can no way alter them. ; for 
upon the abſence of that, they meex again, and are reſtor'd to 
Water. 

2543. Vapours aſcend on high through the Air, and are ſuſtain d at 
different Heights, according to the different Conſtitution of the 


* 1477-2110, Vapours themſelves and the Air . They are often not paces: d; 
en 
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then if their Heat be diminiſh'd, they come nearer one another 


and form Clouds; if there is a greater Diſſipation of Fire the Va- 
pours return again to Water, and fall in Rain. 


We alſo obſerve that Vapours in the Air, which were inviſible, 


appear on a ſudden, if the Denſity of the Air be diminiſh'd 


EXPERIMENT 2. 

This Experiment may be made with the Air-pump, when any 
Experiment has been made with Water in Vacuo. When the 
Air is let in the Vapours for the moſt Part adhere to the inner Sur- 
face of the Receiver ; but if the Glaſs be clean, they immediately 
recede, if the Pump be work'd anew, to extract the Air again; 
then nothing appears in the Receiver; but if you continue to ex- 
hauſt the Air the Vapours become viſible ; which are taken out 
with the Air, if this be all exhauſted. 

There are many Exhalations different from thoſe of Water ; all 
theſe, as they are ſeparated from Bodies by the Action of Fire, 
contain a great Quantity of Fire; and ſome particularly conſiſt of 
Particles, which may be burnt, of which I ſhall ſpeak preſently. 
What elſe belongs to this Matter, and is not foreign aer our 
Deſign, has been explained in the third Chapter of this Book. 

The ſeparated Parts of moſt Bodies, that are burned, are earthy, 
watery, and oily or ſpirituous. 5 

We call earthy Parts thoſe that remain after the Body is diſſolv'd 
by the Fire, that is, the Aſhes, which indeed may be hot, but 
cannot be burned. 

We call thoſe watery Parts, which are chang'd into Vapours, 
and expell'd by the Action of the Fire; but which, being collected 
together, upon the leſſening of the Heat, are turned into Water. 

Laſtly we call thoſe Parts oily and ſpirituous, which are the 
only Food of the Fire, by whoſe Action they are diſſolv'd, whilſt 
thoſe Parts increaſe that Action. | 

Thoſe Parts are ſo diſſolv'd by the very violent Action of the 
Fre, that there is no forming a combuſtible Body of them anew : 
Then theſe are ſaid to be conſum'd : But if the Action of the Fire 


upon theſe Bodies be leſs violent, they will indeed be turn'd into a 


thick elaſtic Fluid, which we call Smoke ; but this is combuſtible, 


and when collected together, forms a ſoft Body, which is alſo ca- 
pable of burning. | 


When the Heat of theſe Parts is increas'd fo much that they 
burn, they will emit Light, and form Flame during their 3 
om 
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from the Body; ſo that Smoke and Flame have no Difference but 


in their Degree of Heat; and Smoke upon increaſing it's Heat will 
be turned into Flame, and by that Means be conſum'd. 


ExrERIMENI 3. 


Having blown out the Candle C, which ſends out the Smoke 
F, let another lighted Candle A be brought near it ; the Smoke of 
the firſt 'will be chang'd into Flame, and by that Means the Candle 
C will be lighted, which is ſix or eight Inches diſtant from the 
other. 

We muſt obſerve, with regard to Flame, that it has the Figure 

of a Pyramid in the Air: The Reaſon is this; the Flame is lighter 
than the Air, and fo aſcends ; but the Parts which form it, are 
conſtantly diſpers'd, with a very violent Motion, and therefore it 
is continually leſſen d, and but a few Parts come to the upper End 
of the Flame, which therefore is very ſlender. 
Setting aſide this Diſſipation, Flame is cylindrical ; for it con- 
tinually tends towards a ſpherical Figure ; but it is carried upwards, 
and the aſcending Parts are ſupply'd by new adventitious Parts, 
For this Reaſon Flame may be very much extended ; if, whilſt it 
is ſurrounded, this Diſſipation is prevented, or at leaſt diminiſh'd, 


EXPERIMENT 4. - 


_ Join together four Candles at C, to make the Flame the thicker ; 
and let it paſs through the Tube AB, which is broadeſt at A, and 
almoſt a Foot long. The Flame will aſcend above the Tube to 
D in ſuch Manner, that the Height BD will want but little of the 
whole Length of the Flame, when the Tube is laid aſide. 

If, upon leflening the lateral Diſſipation, the Flame be left to 
itſelf, which happens, when a denſer Flame is encompaſs'd by a more 


fubtile Flame, the former will extend itſelf very much, and alſo be 


dilated laterally. 


EXPERIMENT ;. 


Pour Spirit of Wine into the Braſs Cylinder C, which is three 
Inches wide, and two high, to the Height of about three Quarters 
of an Inch. Put the Cylinder on the Fire, and ſet the Spirit of 
Wine on Fire. Put a Piece of a Wax Candle into the ſmall Pipe 
a, an Inch high, which has a bent Tail join'd to it, which Candle 
muſt not ſtand out above the Pipe. Light the Candle, and put it 
into the Flame of the Spirit of Wine, which then * i 
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denſer Flame of the Wax; this is dilated, and aſcends higher, 
than it wou'd if left to itſelf. 

The Exhalations, which may be burnt, and are therefore in- 
flammable, moſtly, if not entirely, conſiſt of the Food of Fire; 


89 


2 560. 


which, by Reaſon of the Fire's acting already upon the Particles *, * 254.1. 


is very eaſily to be ſet on Fire. 

We ſee this in Mines, in which oftentimes, when Flame is 
brought near them, the Exhalations immediately take Fire with an 
Exploſion. There is always this Exploſion, when Flame is gene- 
rated on a ſudden. 

Exhalations often take Fire of themſelves; which is ſometimes 
to be attributed to the Sun's Rays, collected in paſſing through the 
Clouds, or by Reflection from them. For the Rays of the Sun, 
when collected by convex Glaſſes, or Specula, produce incredible 
Effects, as will appear in the following Book, and the Clouds can 
do ſomething like this. Exhalations may alſo be ſet on Fire by the 
Mixture of various Exhalations, in which, by the mutual Action 
of the Particles, Fire may be very violently excited. Experiments 
lead us to this Concluſion ; for we diſcover in many Caſes, a mu- 
tual Action of Particles, in the mixing of Bodies, whereby Fire is 
excited. | | 

The Chymiſts furniſh us with many Inſtances ; whereby it ap- 
pears, that two Bodies which are often very cold, by only being 
mixt together, will take Fire ; though they are both Fluids. 

Who will deny that there is ſomething like this in Exhalations, 
if he conſiders that the Particles of which Exhalations conſiſt exiſt 
ſeparate from the Bodies, becauſe they are mov'd by the Action of 
the Fire, which coheres with them *. 

We make ſenſible by the Boylean Experiment, the mutual Ac- 
tion of mixt Exhalations, although leſs violent. 


EXPERIMENT 6. 


We make uſe of two Phials, one of which contains Spirit of 
Salt, and the other Spirit of Sal Ammoniac well rectified. When 
theſe are open'd, Exhalations riſe out of them, but they are inviſi- 
ble, as long as the Phials are at ſome Diſtance from one. another ; 
but if they be diſpos'd in ſuch Manner, that the Exhalations may 
be mixt together, they immediately become viſible, and aſcend, 
having the Appearance of Smoke. 

The Exhalations which take Fire in the Air are the Cauſes of 
ſeveral Phenomena; to theſe we muſt attribute fiery Meteors, as 
Lightnings and others. 
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We muſt now return to what relates to the Action of Fire upon 
Bodies. | 

In Bodies, that are calcin'd, there are either none, or but a ſmall 
Quantity of thoſe Parts, which are the Food of Fire, wherefore 
before theſe Bodies can be diſſolv'd, it is neceſſary that the extra- 
neous Fire ſhould continually act upon them. 

But many things ſeem to ſhew that the Fire cannot immediately 
exert ſuch an Action upon Bodies, as we obſerve in Combuſtion 
and Calcination. 

In Combuſtion, the Fire unites itſelf with innumerable {mall 
Particles, which can no Way be perceiv'd ; theſe are mov'd every 
Way, the greateſt Quantity ariſing from thoſe Places where the 
Flame is. It can ſcarce be doubted that theſeParticles, as they move 
along with the Fire, enter into the Pores of other Bodies; for it 7s 
manifeſt from many Experiments, moſt of which are mention'd by 
Boyle, that the Weight of Bodies is ſenſibly increas d by the Action of 
Fire; and particularly if the Flame acts immediately upon them; 
although the Weight of Bodies, inclos'd in a Glaſs, if the Glaſs is 
expos'd to the Flame of Spirit of Wine two or three Hours, will 
alſo be ſometimes increas'd, but in a leſs Degree. This Increaſe of 
Weight, proves the Acceſſion of new Matter *, which has pene- 
trated the Glaſs. But that this Increaſe of Weight cannot be at- 
tributed to the Fire, other Experiments prove, from which it a 
pears, that the Werght of Fire, if it has any, is not ſenfible to us; 
which af it appears from one Experiment only, it is manifeſt that, 
in all Caſes, in which an Increaſe of Weight is diſcover'd, this is 
to be attributed to ſome other Matter, carried with the Fire. 


EXPERIMENT 7 


Lay a Piece of red hot Iron upon the Scale of a very accurate 
Balance, and make an Equilibrium. If you leave it thus, the Equi- 
librium is preferv'd, whilſt the Iron loſes this greater Heat, and is 
reduc'd to the ſmalleſt Degree of Heat. 

Iron is dilated by Heat *; and is ſuſtain'd more by the Air Þ+ ; 
therefore it may be imagin'd that there muſt be an Increaſe of the 
Weight, to make an Equilibrium. But the Difference from this 
Cauſe cannot be ſenſible in the Experiment, and we ſpeak of a 
greater Increaſe of Weight *. 


The laſt Experiment proceeds in the ſame Manner in Vacuo. 


Ex PE- 
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EXPERIMENT 8. 


We make uſe of two Iron Cubes, having their Sides equal to an 
Inch, and which are exactly of the ſame Weight; one of them is 
to be put into the Fire, being firſt laid in a Veſſel, or Crucible, that 
nothing may adhere to it. 1 

A ſmall accurate Balance is ſuſpended over the Plate of the Air- 

Pump, in the Method explain'd above . The Scales muſt be * 2167, 
ſuſpended by Chains, and both the Chains and the Scales muſt be 
thicker, than what are commonly uſed in ſuch ſmall Balances, 

When the Iron is red hot, it is laid upon one Scale, and an Equili- 
brium is made with the other Cube ; if any thing is wanting, it muſt 
be made up with a ſmall Weight. All this muſt be cover'd with 
a Glaſs Receiver, and the Air exhauſted, and the Equilibrium 
remains; which is not in the leaſt alter'd, by the Diminution of 
the Heat of the Iron. 

It is confirm'd by Experiments, even ſome that have been made 2575. 
in Vacuo, that the Action of Fire in burning of Bodies, is aſſiſted 
by the Action of a very ſubtile extraneous Body, which is united 
with the Fire. For all Combuſtion ceaſes, upon the Remoyal of 
the Air, as will be ſeen in the next Chapter. 

Yet Bodies which are to be burnt in the Air, can be conſum'd » 5-6, 
by Fire, when the Air is remov'd, but only by a continual Action 
of extraneous Fire, and indeed more ſlowly, the Flame, and violent 
Agitation of the Parts, ceaſing, 


2574. 
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EXPERIMENT 9 


The ſmall Pieces of Wood a, a, a, a, are join'd together by a 2 577. 
Wire, which is faſten'd to the End 8, of the Braſs Wire 8 T. Pl. 82. F. z. 
which paſſes through the Collar of Leathers P *, which is ſcrew'd * 215 6. 
on to the Cover O, which is laid on the Receiver R. 

The red hot Iron F, is laid upon the Plate G of the Air-Pump, 
the Stone L being put between; it is cover'd with the Receiver R, 
and the Air is exhauſted, If you puſh down the Braſs Wire, the 
ſmall Pieces of Wood are laid on the Iron ſucceſſively, and there [| 
conſum'd ; but they emit no Flame. | 

When a Flint is ſtruck with a Steel, Particles are ſeparated from 2 558. 
the Steel and the Stone ; they are fiery, and make Sparks, in their 
Separation: The melted Particles of Metal acquire a ſpherical Fi- 
gure ; thoſe which are ſeparated from the Stone, are conſum'd, 
are friable, and are reduc'd to a Calx, If the Percuſſion be made 

| N 2 in 
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in Vacuo, we diſcover the ſame Changes; but the Parts, whilſt they 


are ſeparated, do not become lucid, and there are no Sparks to be 
perceiv'd. 


EXPERIMENT 10. 


We make uſe of the Machine, deſcrib'd above, for Friction in 
Vacuo *; with it's Adjuncts, that the Circumrotation may be with 
the greater Wheel *, 

But before we join the Machine to the Plate of the Air-Pump, 
we lay a Leather on the Plate, upon which Leather the Glaſs Re- 
ceiver muſt be put * ; we alſo apply to the Plate a Piece of Paper, 
which muſt be contain'd in the Receiver in ſuch manner, that it 
may not hinder the Receiver from being applied to the Leather, 
Part of which only is cover'd with the Paper ; this has two Holes 
in it, which anſwer to the Holes in the Air-Pump. 

To the movable Axis ab we join the ſteel Cylinder A, of a ſmall 
Height, through the Center of which the Axis paſſes, and whoſe 
Diameter is about two Inches and an half, and Height half an 
Inch. 

The Convex Surface of this Cylinder has Grooves, in ſuch man- 
ner that the Eminences between the Grooves make Edges, which 
encompaſs the Cylinder; theſe Edges have eight or ten Inciſions, 
at Right Angles to them. | 

The Cylinder is faſten'd between two ſmall round Pieces of hard 
Wood, by the two Screws c, c, which are ſcrew'd on with Keys, 
that the Cylinder may be well fix'd. 

Two Pieces of Flint muſt be put into the Pieces of Wood S, S, 
which are applied to the Plates EF, EF. The Flints muſt be 
mov'd to the Circumference of the Cylinder, and preſs'd cloſe to 
it, in ſuch manner that the Plates EF, E F, may be bent down- 
wards a little, and in this Poſition they are faſten'd by the Screws 
6: M | 

All this muſt be cover'd with the Glaſs Receiver, and the Wheel 
muſt be turn'd round; the Particles which are rubb'd off fall upon 
the Paper, and muſt be gather'd together ; and theſe being all re- 
mov'd, the Receiver muſt be laid on again, and the Air exhauſted. 

Turn the Wheel again, and having let in the Air, remove the 
Receiver, and gather together again the Particles, which have been 
feparated from the Steel and Flints. 

If theſe collected laſt, be compar'd with the firſt, which were 
collected before the Air was exhauſted, theſe will be found * 

e 
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like the others, if we examine them with a Microſcope, If the 
Experiment be made in the Dark, we obſerve, during the turning 
about of the Wheel, that the Receiver is in a manner fill'd with 
Sparks, when there is Air in it ; but when there is no Air we per- 
ceive no ſuch Thing, and the Light appears fix d where the Friction 
is; the Stones being made lucid by the Friction, as we have ſeen in 
other Bodies *. * 2486. 


r 


Of the Extinction of Fire, and of Cold. 


HE Extinction of Fire is a Ceſſation of it's Motion in that Body 258x. 

wherein the Food of the Fire is waſted *. * 25 50. 

It is very evident that Fire muſt neceſſarily be extinguiſh'd, when 

all its Food is deſtroy d by the Action of the Fire. But it is very 
difficult to account for the Extinction of Fire, when it has ſom 
Food yet remaining. 


This we often obſerve when burning Coals are expos'd to the 2582. 


Sun's Rays; for they are put out before they are quite conſum'd, as 


may eaſily be try'd. But it is very hard to ſhew how it comes to 
s. 
Fire alſo goes out where there is no Air. 2583. 


EXPERIMENT TI. 


Take a red hot Coal of hard Turf, which wou'd not go out of 2584. 
itſelf, without being quite conſum'd, and put it into an open Veſſel, 188 
laying it on the Plate of the Air-Pump ; cover it with a Receiver, 
exhauſt the Air, and the Coal will be extinguifh'd in a ſhort Time. 
If, immediately after the taking out of the Air, the Air be let in 
again, in that ſhort Interval of Time, the Coal is not entirely con- 
ſum'd, but is reduc'd to that State, that, That which burnt vio- 
lently, may now be very ſafely handled. 
The Cauſe of this Phenomenon cannot be ſo eafily diſcover'd ; 
for Experiments demonſtrate that this Effect cannot be attributed ta 2 585. 
the Diminution of the Preſſure alone. | 


EXPERIMENT 2. 
A Glaſs Receiver, open at Top, is laid upon the Air-Pump ; this 
is clos'd with a Cover, to which is join'd a long, curve, Braſs Tube, 
which has an Iron End, a Cock being put between. 


The 
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The Air is exhauſted from the Receiver, and let in through the 
Tube, which is join'd to the Cover, and fo diſpos'd, that the Air 
cannot enter into it, without paſſing through the Flame of red hot 
Coals. The Air is let in ſlowly, and when the Receiver is fill'd 
with it the Cover 1s taken away; and the Air in it ſuſtains the Weight 
of the whole Atmoſphere. Now if we put into the Receiver through 


diately extinguiſh'd upon it's Entrance into the Receiver. 
If this be repeated ſeveral times, the Flame may be thruſt in 
more and more continually, before it. will be put out; becauſe it 
drives out the Air from the Places that it comes to, and new Air 
immediately ſucceeds. 
Whence it follows, that ſome peculiar Particles are requir d, that 
Fire may not be extinguiſh'd, which fly off by the Action of the 
Fire, or become uſeleſs, which happen'd in the laſt Experiment, 
before the Entrance of the Air into the Tube. 
This is illuſtrated by another Experiment alſo. 


EXPERIMENT 3. 


A lighted Candle is cover'd with a Receiver, open at top ; and 
that the Air may not come in at Bottom, we lay the Candle, to- 
gether with the Receiver, upon the Plate of the Air-Pump ; and 
we make uſe of a Receiver, which may be applied very cloſe to 
it, as in the Experiments concerning Air. The Flame remains in 
the ſame State, new Air coming in continually at top; but if a 
Cylinder be join'd to the upper Aperture, that the Air cannot fo 
conveniently get in, the Candle will be put out in a ſhort Time; 
unleſs the Receiver be rais'd up a little at one Part, that the Air 
may come 1n at the Bottom ; or be admitted, any other Way. 

The ſeveral Ways by which Fire is extinguiſh'd, muſt be refer'd 
to the want of Air: Thus Fire which is every Way inclos d, is en- 
tinguiſh'd in a ſhort Time; to the Performance of which it ſeems, 
that the accumulated Smoke does not a little conduce. 

That Extinction is oftentimes ſuch, that the Fire extinguiſh'd 
will not be re-kindled, but by bringing new Fire to it, though 
ſometimes, upon the Admiſſion of the Air, it will re-kindle of 
it's own Accord, and that too when all Communication with the 
external Air has been a confiderable Time taken away. Yet in 
ſome of theſe Caſes the Fire is not quite extinguiſh'd, although 
there is not a ſenſible Appearance of the Conſumption of the 
Fire's Food, | 7 
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Chap. 14. of Natural Philoſophy. 1 

We alſo refer the Action of Water, when it extinguiſbes Fire, io 2592, 
the want of Air. | 

In the Combuſtion of thoſe Bodies which attract Water, if this, 2594. 
which will not burn, becauſe it contains no Food for Fire, be 
pour'd upon them, it will immediately touch or cover the Bodies 
in ſuch a Manner as to hinder the Acceſs of the Air upon which 
the Fire is extinguiſh'd, unleſs the Quantity of the Water be very 
ſmall with regard to the Bigneſs and Violence of the Fire: For in 
that Caſe the Water is immediately chang'd into Vapour, and 
driven back. 

But when the Bodies are ſuch, that the Water will not imme- 2595. 
diately touch or mix with, as Oil and greaſy Bodies, the Water 
will not extinguiſh theſe, unleſs it be pour'd upon them in ſuch 
Abundance, as to take away the Acceſs of the Air from every 
Part. 

There are alſo ſome Fluids which, though they will mix with 2 596. 
Water, yet, when on Fire, will not be extinguiſh'd by Water; which 
ſeems to contradict what has been already ſaid * : But the Water * 2 59 2. 
cannot apply itſelf to the Surface of theſe Fluids, and be diſpers'd 
over them, as it ſhou'd be, to hinder the Acceſs of the Air. 

The Action of the Water upon the Fire contain'd in the Phoſ- 2 50. 
phorus, which has been already mention'd *, differs from the Ac- * 2499. 
tion ſpoken of here. For when the Phoſphorus is well lighted, 
it cannot be extinguiſh'd by Water, and it's Light is more lively 
where there is no Air. 


EXPERIMENT 4. 


Write upon Paper with the Phoſphorus, above-mention'd, and 2 598. 
incloſe it in a Receiver, out of which exhauſt the Air, and the 
Letters will appear in the Dark more lively, than in the Air, but 
they diſappear in a ſhort Time. 

When Fire is extinguiſh'd, the Heat is leſſen'd, and therefore 2 599. 
that Extinction has ſome Relation to Cold. 

For the leſſening of Heat is very often, but not always, calld 2600. 
Cold, which 1s no other than that Diminution. 

Thoſe Parts that are not fo hot as the Parts of our Body which 2601. 
touch them, that is, which leſſen the Heat in our Bodies *, are * 2 504. 
laid to be cold; juſt as thoſe Bodies are ſaid to be hot which in- 
creaſe that Heat *. * 2409. 

Cold with regard to us is no other than the Senſation ariſing in 2602. 
us upon the leſſening of the Heat in our Bodies, and in a Ls | 

y | 
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* 2128. 
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Body there is Heat * : But it is leſs than the Heat of our Body 
and therefore that diminiſhes this *. F 

From theſe common Conſiderations alone, that Queſtion is ea- 
fily determin'd, vi. whether Cold ought to be aſcrib'd to a Pri- 
vation of Heat, or to the Preſence of ſome particular Matter, juſt 
as Heat is owing to the Preſence of Fire. It is very evident that 
the bare Abſence of Fire is ſufficient. 

But we may alſo put another Queſtion, vig. whether it is poſ- 
ſible to have a Diminution of Heat without a certain Sort of Mat- 
ter, whoſe Particles we may call the Darts of Cold. To this I an- 
ſwer, that we have no Experiments to prove there is ſuch a Kind 
of Matter, and therefore it is impoſſible to give an Anſwer to this 
Queſtion, for we ought not to deny a Thing becauſe we cannot 
prove the contrary. But this we know is always very certain, that 
from whatever cauſe it proceeds, the Diminution of Heat is ſuffi- 
cient of itſelf to cauſe Cold. 

I cannot deny but that there may be ſome ſubtile Particles, 
which, upon entering into Bodies, do either wholly or partly drive 
the Fire out of them. But that there are always ſuch, where we 
find a Diminution of Heat, is what I faid does not yet appear. For 
although there are Particles which do not attract Fire as the Particles 
of which Bodies conſiſt, but repel it, it does not follow from 
thence that Heat cannot be leflen'd from ſome other Cauſe. 

But in ſome Caſes the following Experiment ſeems to ſhew that 
there are ſuch Particles. 


EXPERIMENT 5. 


Take a Mixture of Snow and Sea Salt, and put it into a Veſſel, 
which ſurrounds a Glaſs fill'd with Water, if this Mixture be ſet 
on the Fire, the very Moment that it melts, v/z. that it becomes 
hot, it does not, like other Bodies, communicate Heat to the Wa- 
ter * ; but the Water is immediately turn'd into Ice. 

If the Water be contain'd in a Tube, which is exhauſted, the 
Congelations is made with an Ebullition *. 


The End of the FourR TH Book. 
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BOOK V. TE 
PART I. Of the Motion of Light, and it's 
Inflection. 
r 


Of the Velocity of Light. 


E have obſerv'd that the intimate Nature of Fire is un- 9608. 


known to us“; this muſt alſo be referr d to Light. We * 1392. 
do indeed deduce many Phenomena of Light from a few Proper- 


ties of Light, which we diſcover by Experiments ; but it will a 
pear from the Phenomena themſelves that many Properties of 
Light are conceal'd from us. 

We have before obſerv'd that Light moves in right Lines “. 
Light does not go from one Point to another, if there is any Ob- 


2414. 
755 in the right Line, which we ſuppoſe drawn between theſe its 
oints. 


2609. 


Vor, II. O * 


2610 Tf Light paſſes through an Hole, it keeps it's Direction, and i; 
* 1744. not diſpers d fideways, as has been faid of Waves *, 
DEFINITION 1. 

2611 Any Light _— confider'd with regard to the Direction of 
it's Motion, if it be all carried in the ſame Direction, is call d a Ray 
of Light. 

2612 We have ſeen that a Body, which emits Light, is ſaid to be 

* 2411, lucid *, 

2613 The Surface of a lucid Body, conſiſts of tuctd Points, which emit 
Rays of Light every Way. 

: DEFINITION. 2. 

2614 A Body is ſaid to be tranſparent, through which Light can paſs, 
the Right-lin'd Motion of the Rays, in the Body, not being diſturb d. 

DEFINITION 3. 

2615 Bodies, that intercept Light, are call d opaque Bodies. 

But there are two Queſtions propos d with regard to the Mo- 
tion of Light. 

2616 1ſt. Whether the Motion of Light is to be attributed to a ſim- 
ple Preſſure, or whether there is a Removal from one Place to 
another. | | 

2617 2dly. Whether the Propagation of Light be inſtantaneous, or 
ſucceſſive. 

2618 I ſhall ſay ſomething of the firſt Queſtion. According to 


2619. 


* 318, 


| thoſe, who attribute the Motion of Light to Preſſure, the ſmall 
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Globules, which touch one another, are diſpers d through the 
whole Space, through which the Light is propagated. The Light 
appears, when by the Action of the lucid Body, the Globules 
next the Body are preſs'd, which preſs thoſe next to them, and 
thus the Propagation is caus'd. 

I ſhall only make one Objection to this Opinion. A Globule is 
furrounded by many ethers, and, if thoſe are compreſs'd according 
to different Directions, they likewiſe preſs that very Globule ac- 
cording to different Directions ; and this, that all the Rays may 
keep their Direction, ought to preſs the other Globules according 
to all theſe Directions; but this cannot be; for all the Preſſures 
are reduc d to one only *, and a Globe compreſs'd preſſes upon all 
the adjacent ones, which can reſiſt this Preſſure, whether they an- 


{wer to thoſe that preſs, or not ; whence wou'd follow a * 
1 on 
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fion of Rays : Contrary Preſſures wou'd alſo mutually deſtroy one 
another. But it appears from Experience that innumerable Rays 
paſs through the ſmalleſt Hole, without any Confuſion, It will be 
manifeſt from what we ſhall afterwards ſay of Viſion, that this 
happens, when we ſee many Objects through a ſmall Hole. 

If the Propagation of Light be not by Preſſure, it is not inſtan- 
taneous ; but it is by Tranſlation from one Place to another, in 
which ſome Time is conſum'd. Although this general Obſerva- 


99 


2020, 


tion be ſufficient to anſwer the firſt Queſtion * ; we will illuſtrate it & 26 17. 


more, and examine, whether we cannot determine the Velocity 
of Light from Phenomena. 

Caſſini and Reaumur were the firſt, who attempted to determine the 
Velocity of Light from aſtronomical Obſervations; the former ſoon 
chang'd his Opinion, being perſuaded that the Concluſions, which 
he had drawn from Phenomena, did not follow from them ; be- 
cauſe all Phenomena did not agree. Reaumur continued in his Opi- 
nion, and endeavoured to defend it with all his Might ; and there- 
fore it is now attributed to him alone : I ſhall briefly conſider it. 

But as we have to do with aſtronomical Obſervations, what re- 
lates to the preſent Queſtion, might be more eafily and fully ex- 
plained in the next Book; nevertheleſs I ſhall undertake to explain 
it now, and ſhall mention ſome Things belonging to Aſtronomy ; 
but only ſuch, as immediately relate to our Purpoſe ; and I ſhall 
endeavour to propoſe them in ſuch Manner, that they may be un- 
derſtood by thoſe alſo, who have not yet acquired Ideas of the 
Motions of the heavenly Bodies. 

The Sun, the Fountain of Light, enlightens the Bodies with it's 
Rays, which move round it; theſe Rays by being reflected become 
viſible, as will be more fully explain'd, when I treat of Viſion. 
Amongſt theſe the Earth itſelf performs it's annual Revolution 
round the Sun. | 

The Bodies that move round the Sun, are ſpherical, and opake, 
and are call'd Planets ; we ſhall take into Conſideration one of 
theſe, call'd Jupiter. Round this there move four ſmaller Bodies, 
ous Satellites; which revolve circularly round the Center of 

piter. 

Theſe Satellites in their Revolutions paſs through · the Shadow of 
Jupiter, and are eclips'd, and indeed every Revolution, if we ex- 
cept the fourth, which is at the greateſt Diſtance, which ſometimes 
paſſes by the Side of the Shadow. 


O 2 | Theſe 
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2622. 


2623. 


2624. 
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Aſtronomers have chiefly taken Notice of the inmoſt, or leaſt 
diſtant of them, and have obſerv'd it's Motion more accurately, 
than that of the others, in order to determine it's Immerſion into 
the Shadow, and it's Emerſions out of it. 

Let S be the Sun, ABCD the Orbit of the Earth; I Jupiter 
in his Orbit; EF G the Orbit of the inmoſt Satellite; this paſſes 
through the Shadow at EF. If the Body of Jupiter, and the Or- 
bit of the Satellite, ſnou'd have a Magnitude proportioned to this 
Figure, they cou'd not be perceiv'd. 

The Computations would be very fimple, if, whilſt the Satellite 
is carried equably in a Circle round Jupiter, in the periodical Time 
diſcover'd, this turn'd about the Sun in the ſame Manner ; but this 
is not the Caſe ; whilſt the Shadow turns about with Jupiter, it 
will not move equably, and in reſpect of that the Computation 
muſt be corrected; this Correction is call'd the fit Equation of the 
Satellite. Moreover we ought to have regard to the Time the Sa- 


tellite remains in the Shadow, which is greateſt, when the Satellite 


2627. 


2628, 


2629. 


paſſes through the Center of it, and different according to the dif- 
ferent Diſtance from the Center, at which it paſſes along. From 
theſe Obſervations made accurately, the Moment of the Beginning 
or End of the Eclipſe may be determin'd. 

But this Computation is not ſufficient, in the Obſervation of an 
Eclipſe ; the Obſervation differs more or leſs from the Computation, 
according to the different Situation of the Earth with reſpect to 
Jupiter; and the greateſt Difference wants little of a Quarter of 
an Hour. 

But it is manifeſt, that the Situation of the Earth does not alter 
the Eclipſe ; and that therefore this Retardation muſt be attributed 
to an extraneous Cauſe. 

When the Earth paſſes between Jupiter and the Sun at A, the 
Computation mention'd agrees with the Obſervations ; but when 
the Earth recedes more from Jupiter, a ſecond Correction, which 
is call'd the ſecond Equation, is to be made uſe of. This Equation 
follows the Ratio of the Increaſe of the Diſtance of the Earth 
from Jupiter, whilſt the Earth moves through AB C; and the 
Eclipſe 1s retarded in the Ratio of this Increaſe of the Diſtance, 
meaſur'd in a right Line drawn to Jupiter; and in the fame 
Manner is diminiſh'd the Retardation in the Motion of the Earth 
through BD A, in which it draws nearer to Jupiter. 

This Proportion was the Reaſon, that Reaumur attributes the De- 
lay taken Notice of to the Motion of Light, and the Concluſion is 

| I evident ; 
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evident ; for if at the very Moment, when the Satellite goes out of 


the Shadow, it is viſible at any Diſtance whatever, it matters not 
whether a Spectator be at A, or B. or at a greater Diſtance from 
Jupiter, he will perceive the going out from the Shadow at the 
fame Time, and the ſecond Equation which has been mention'd 
cannot take Place; but as it really does obtain, it is no Wonder 
that this Invention has been, as it were, univerſally approv'd of. 

The firſt, who denied that this ſecond Equation of the Satellites 
was to be attributed to the ſucceſſive Motion of Light, was Caſſini 
himſelf, who had found out with Reaumur that an Equation was to 
be made uſe of in the Computation, His Reaſon for it was this ; 
he perceiv'd that a like and equal Equation, ought alſo to take 
Place with regard to the other Satellites, if it really depended upon 
the Motion of Light ; he diſcovered indeed a like Equation, but 
what was much greater, with regard to the other Satellites, and dif- 
rent in every one, 

The Opinion of Reaumur, which was oppos'd by a celebrated 
Aſtronomer, ſhortly had a celebrated Defender. Dr. Halley, who 
contracted Caſſinis Tables, relating to the Motion of the inmoſt 
Satellite, and rendered the Computation more eaſy, made ſome 
Obſervations, from which it follows that the ſecond Equation is the 
ſame with regard to the third and fourth Satellite, as the firſt ; and 
thus, having remov'd. the Difficulty propos'd by Caſſini; he re- 
mov'd the Objection made to the Argument of Reaumur for the 
ſucceſſive Propagation of Light. 

It is no Wonder, if the Concluſions from different Obſervations 
do not agree : The ſecond Equation 1s diſcover'd by comparing the 
Computation with the Obſervations ; but the Computation is 
tounded upon the Tables, made for that. Purpoſe, and who will 
affirm that theſe are accurate enough to ſolve the Queſtion? And it 
will appear preſently that this Objection was not without Reaſon. 

What has been hitherto ſaid, regards the laſt Age, but the Diſ- 
pute was not ended with the Age; Maraldi, Aſtronomer of the 
Academy of. Sciences, in the Year 170%, oppos'd the. Opinion of 
Reaumur with new Arguments, and endeavour'd- to add new Force 
to Caſſini's Arguments, by taking Notice of other Obſervations, 
from whence it follows that the ſecond Equation ſhould be greater 
in the remote Satellites than in the firſt. 

But the chief thing relates to a more accurate Obſervation of the 
irſt Satellite; with regard to which he obſerves, that a certain third 
Equation is neglected, which might ariſe to three Minutes * © | 
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half, and which would be to be confider'd, if, what was faid of 
the Velocity of Light, was true. 

Fupiter deſcribes an Ellipſe about the Sun, in one of whoſe Foci 
is the Sun's Center; which the Point is in the Ellipſe we have 
ſeen above *. The greateſt Diſtance of Jupiter from the Sun exceeds 
the leaſt by a Quantity equal to the half of the Diſtance S8 A of the 
Sun from the Earth; and the Diſtance of Jupiter from the Earth 
may be increas'd by ſuch a Quantity, by Reaſon of the ſaid ellipti- 
cal Figure; for SI increaſing, the Diſtance of Jupiter from the 
Earth is increas'd, in whatſoever Part of it's Orbit it be; and the 
Retardation of the Eclipſe would increaſe according to the Ratio of 


this Increaſe, if the Reaſoning of Reaumur ſhould obtain &. 


But Maraldi takes Notice of ſome Obſervations, which differ 
very little from the Computations, and which would ſenſibly err 
from them, if this laſt mention'd Increaſe of the Diſtance of u 

ter ſhou'd be taken Notice of. From whence he concludes, 
the Equation laſt mention'd, is not to be receiv'd in the Tablcs, 
and that Reaumur's Opinion is to be rejected. 

But England has produc'd a ſecond Defender of this Opinion, 

It appearing from many Obſervations, that, the firſt Satellite 
mov'd a little faſter than according to Caſſini's Tables, J. Pound 
thought upon correcting thoſe Tables, who had made many accu- 
rate Obſervations upon Jupiter, and the other heavenly Bodies. 
But the Error of the Tables is ſo ſmall, that it cou'd not be diſco- 
ver'd but after many Years. 

But this Aſtronomer affirms, that it appear'd to him from many 
Year's Obſervations, that the ſecond Inequality is the ſame in all 
the Satellites. And having corrected Caſſini's Tables of the firſt 
Satellite, which he delivers as more accurately agreeing with the 
Heavens, he added the third Equation, which Caſſini omitted, 
Halley had taken Notice of, and Maraldi had faid ought to be re- 
jected *. It is not to be wonder'd at, that Aſtronomers ſhou'd 
not agree together ; we are conſidering an intricate Matter, and 
which is not immediately deduc'd from Obſervations *: There- 
fore that might be attributed to one Cauſe, which ſhou'd have been 
attributed to another, and the Error might not be diſcover'd but by 
comparing the Obſervations made at different Times; ſo that the 
Difficulties cou'd be remov'd only after a long Time; in the mean 
Time there was always ſomething obſcure, which was at length 
remov'd by the great Aſtronomer laſt mention'd. This Obſcurity 
was the Reaſon that Reaumur himſelf, had deduc'd from his firſt 


Obſervations, 
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Obſervations, that the ſecond Equation might increaſe to twenty two 
Minutes, when the greateſt in Caſſini's Tables is fourteen Minutes. 

Now if this ſecond Equation be aſcrib'd to the Motion of Light, 
to this we ought to attribute the Velocity, with which it comes 
to us from the Sun in ſeven Minutes Time. 

But the Velocity of Light is not deduc'd from Obſervations made 
on the Satellites of Jupiter only. A few Years ago Mr. Bradley, Pro- 
feflor of Aſtronomy at Oxford, demonſtrated the Motion of Light 
from Obſervations made upon the fixt Stars, at firſt jointly with 
Molineux, and which after his Death Bradley proſecuted alone, 
to whom alſo we owe the Concluſions concerning the Motion of 
Light, whoſe Velocity he determin'd, which did not differ much 


from that, which we have mention'd *. P 


In order to underſtand the Force of the Argument, upon which 
this Concluſion depends, ſome Things muſt be premis'd. 

The fix'd Stars are lucid Bodies, and are at Reſt with regard 
to the planetary Syſtem, from which they are very remote, In this 
planetary Syſtem, the Earth takes it's Place among the Planets, 


2638. 


2639. 


2638. 


2640. 


and moves round the Sun, which is at Reſt, as has been ſaid ®, +» 2623. 
Let us ſuppoſe the Sun to be repreſented at 8; the Circle pl. 8 5. F. 2. 


ABCD to repreſent the Way of the Earth round it; and this to 
be in the Plane, through which the Center of the Sun paſſes, and 
is call'd the Plane of the Ecliptick. Let us ſuppoſe in this Center 
a Perpendicular to this Plane to be rais'd, which we ſuppoſe to be 
repreſented by S P, and to paſs through any fixed Star. It is no- 
Matter whether or no there really be a Star in the Heavens in this 
Perpendicular ; we ſhall reaſon, as if it were ſo, and this will an- 
{wer our Purpoſe. 

If a Spectator ſhould be at 8, he would ſee the Star in this very 
Perpendicular ; but if the Spectator ſhou'd run through the Circle 
ABCD, and the Diameter of it ſhou'd have a ſenſible, though 
{mall Ratio to the Diſtance of the Star, this will ſeem to alter it's 
Situation in the Heavens. The Spectator at A wou'd ſee the Star 
along the Line AP a; being plac'd at C he would ſee it along the 
Line CPc; and in the ſame Manner every where ; wherefore the 
Star would ſeem to run through the ſmall Circle, repreſented at 


abcd. 


it the Diameter A C, of the Earth's Orbit, might be looked upon 
as a Point, in which Caſe the ſmall Circle mention'd wou'd be en- 
tirely inſenſible, all the Lines, drawn from Points of the Orbit to 


the: 


If the Diſtance of the Star ſhou'd be ſo great, that in reſpect of 
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the Star, might be looked upon as perpendicular to the Plane of 
the Ecliptic, and would anſwer, as to Senſe, to the ſame Point in 
the Heavens, with the Perpendicular at 8; in which the Star 
wou'd always appear, if Light came to us in an Inſtant, as was 
ſuppos'd in the foregoing Reaſoning “. 

But if in this Caſe, in which the Star is ſo remote, we ſuppoſe, 
the Light to be propagated from the Star with a certain Velocity, 
whilſt the Earth runs through it's Orbit, a Spectator will ſee it in 
a Direction oblique to the Plane of the Orbit, by Reaſon of the 
Motion compounded of the Motion of the Light and that of the 
Spectator. 

Let us ſuppoſe the Light to be mov'd along the Line E G, mak- 
ing any Angle with the Line FG, in which the Spectator is carried, 
whom we ſuppoſe at F; let the Velocity of the Spectator be to the 
Velocity of Light, as FG to EG. Whilſt the Spectator runs 
through FG, the Light moves through EG; and the Particle of 
Light, which is at E, when the Spectator is at F, enters the Eye, 
when it comes to G; but the Direction of the Light with regard 
to the Eye makes the Angle EF G with the Line FG. For if we 
ſuppoſe the Line FE drawn, and carried with a Motion parallel 
with the Eye, ſo as with reſpect to that to be at Reſt, whilſt the 
Eye is mov'd, the Light will enter into the Eye in this Line ; for 
when the Eye ſhall be at f, in the Middle Point between F and G, 
the Line mov'd will cut E G in it's Middle Point g, which the Par- 
ticle of Light has arriv'd at, which is alſo the Middle Point of the 
Line mov'd Fe; therefore the Point of Light, which was at E, at 


the End of the Line EF, has come to the Eye along eg; and will 


enter the Eye in this Direction. 


Now let the Angle EGF be a right one, and let EG be to 
F G, as the Velocity of Light to the Velocity of the Earth in it's 
Orbit, and EFG will be the Angle, which the Direction, ac- 
cording to which the Light enters into the Eye, makes with the 
Plane, in which the Earth moves round the Sun. 

If the Earth be at B, it moves in the Direction of the Tangent 
to the Orbit in this Point ; that is, if we bring the Spectator to 
S *, the Direction of the Motion of the Earth is along SC; and, 
making the Angle 4 SC equal to the Angle EG F of the third 
Figure, the Line 84 will repreſent the Line, along which the 
Spectator wou'd ſee the Star. In the fame Manner when the 
Earth ſhall be at D, the Spectator being brought to 8, will ſee the 


Star along Sc, ſuppoſing the Angles PSc and PS a to be equal ; 
an 
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and this Line Sa, or Sc, wou'd, by it's Revolution round P 8, 
deſcribe a Cone, whoſe Baſe in the Heavens wou'd be a Circle 

run through by the Star in a whole Year, with it's apparent Mo- 

tion: Let us ſuppoſe this Circle to be alſo repreſented by abcd, 
ſuppoſing the Letters to be as in the ſecond Figure. 

If the Star ſhou'd not be in the Perpendicular PS to the Plane 2647. 
of the Ecliptick, but if the Line PS ſhou'd be inclin'd to this Plate 8 5. 
Plane, the Lines which determine the apparent Motion of the Star Fig. 6, 7. 
in the Heavens, wou'd make Cones, as in the Caſes explain'd * ; » 26 1128 46. 
but theſe wou'd now be oblique, and in each Caſe the apparent 
Way of the Star in the Heavens wou'd be determin'd according to 
what has been explain'd ; but it wou'd be elliptical, and the greater | 
Axis of the Ellipſe * wou'd be equal to the Diameter of the Circle 625. 
abcd, of the ſecond Figure, or the fifth; ſo that from the Ellipſe 
being known there 1s given the Circle, which the Star wou'd de- 

{cribe, if it ſhou'd be in the Perpendicular to the Plane of the 
Ecliptick. 

It is to be determin'd from Obſervations, whether the Stars do 2648. 
deſcribe ſuch Ellipſes ; and in theſe are great Difficulties, which 
nevertheleſs the Reverend Mr. Bradley has overcome by his La- 
bour, and incomparable Induſtry, 

Nothing can be immediately determin'd concerning the elliptical 2649. 
Motion which has been mention'd. The Diſtance of a Star from 
the Pole of the World, at different Times of the Year, muſt be 
meaſur d; and from the different Diſtances, the elliptical Motion 
muſt be determin'd by Computation, attending to the Motion of 
the Pole itſelf in the Time, which paſſes between the Obſervations ; 
for the Pole moves in a ſmaller Circle, in which it runs through 
one Degree in ſeventy Years. 

Mr. Bradley having taken all neceſſary Cautions obſerv'd many 2650. 
Stars at different Times of the Year, and immediately diſcover d 
that their Diſtances from the Pole of the World varied ; and he 
perceiv'd that this Variation cou'd not be attributed to the Nutation 
of the Pole; for he examin'd two Stars equally diſtant from the 
Pole, but oppoſite in ſuch Manner, that one ought to have receded 
from the Pole, ſo much as the other approached towards it, if the 
Pole itſelf had been mov'd. But this did not happen; the Altera- 
tion with reſpect to one Star was double of that, which the other 
Star underwent, always ſetting aſide the Motion of the Pole from 
it's Revolution which has been mention'd. 
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This diligent Obſerver deduc'd from Obſervations, that the 
Stars, at ſtated Times, receded from the Pole of the World, and 
approached towards it, according to the Law which the above- 
mention d Motion in, an Ellipſe requires“: And indeed in ſuch 
Curves, from which with regard to all is deduc'd the Motion in 
the fame ſmall Circle, as abc d, when the Stars are brought to the 
Perpendicular at S to the Plane of the Ecliptick &; and the Dia- 
meter of the Circle with regard to all the Stars is 400 

But when this appears from Obſervations, theſe eafily ſhew, to 
which of the two Cauſes above-mention'd we ought bs attribute 
the Motion of the Star *. For if the firſt ſhou'd take Place, the 
Motion of the Star wou'd be from à to c, whilſt the Earth runs 
through the Part ABC of it's Orbit *; but this diſagrees with 
Obſervations, and this Cauſe does not take Place. But this Alte- 
ration in the Situation of the Star, according to Obſervations, ob- 
tains whilſt the Earth runs through the Part of it's Orbit BCD, 
as the ſecond Cauſe requires *. 

If the two Cauſes ſhou'd take Place together, the Arch, run 
through by the Earth, wou'd differ from the two above-mention' d; 
and the Concourſe of the two Cauſes alſo diſagrees with Obſerva- 
tions; unleſs we wou'd attribute to the firſt Cauſe, ſome ſmall 
Matter, that is not ſenſible in Obſervations. From all which we 
deduce the following Concluſions. 

1ſt. That only the ſecond Cauſe takes Place here; and that the 
Diſtance of the Stars is ſo. great, that the Diameter of the Earth's 


Orbit has no ſenſible Ratio to it “. 


2dly. That the Angle FE G, in the Triangle above-mention'd *, 
is 20” -; and therefore there is the Ratio of 10210 to 1, between 
E G and FG, that is, between the Velocity of Light and that of 


the Earth's in it's Orbit. Whence it ſhou'd follow, that Light 


"_ to us from the Sun in, eight Minutes and an half. 
That 0 40 comes from all the Stars with the ſame Velo- 
EF G is the ſame with reſpect to all. Whence 
it follows (if we bonds, that the Stars are not all at equal Diſtances 
from us, as many Arguments ſhew) that the Motion of Light, 


whilſt it paſſes through immenſe Spaces to our Atmoſphere, is 
equable. 


But we mult attend to this, that the ſmall Differences cannot be 


perceiv'd ; and no one can deny, that, in the Meaſure of a ſmall 
Angle, whatſoever Care we take, there may eaſily be an Error of 
one Second ; and therefore, although we faid that the firit Cauſe 

was 
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was to be rejected *, we do not deny that the Stars from this Cauſe * 26 52. 


deſcribe a ſmall Circle perhaps, whoſe Diameter is equal to 1 ", 
or exceeds this Meaſure a little. 

We have in this Chapter examin'd what relates to the Velocity 
of Light, with the greater Care, and the more clearly ; becaule all 
that is demonſtrated in the following ones, depends upon this Foun- 
dation; vg. that the Motion of Light is ſucceſſive, and that it 
may be accelerated, and retarded, in the paſſing of Light from one 
Body to another. 


CHAP; I, 
Of directing the Sun's Rays. 


HE Motion of the Rays being demonſtrated, we muſt en- 

quire into the Properties of them, that we may deduce Phe- 
nomena from them. For this Purpoſe the Sun's Rays muſt be con- 
ſider d. But in this Examination we meet with two Inconve- 
encies, of the Method to remove theſe I ſhall ſpeak in this Chap- 
ter. The Inconveniencies are theſe, 1. The Obliquity of the 
Rays; 2. The continual Motion of the Sun. 

From the Obliquity of the Rays it follows, that ſome Experi- 
ments can only be made at certain Hours ; and others can never be 
made in a Place, otherwiſe convenient, although it be large enough, 
and expos'd to the Sun's Rays, a great Part of the Day. By the 
Motion of the Sun the Direction of the Rays is continually alter'd, 
ſo that the Conſtitution of the Machines, made uſe of in the Ex- 
periments, muſt be continually alter'd. 

By making uſe of the following Machine, both Inconveniencies 
are removd. => 


AN HELIOST AT E, 
Whereby the Sun's Rays are fix d. 


This Machine conſiſts of two principal Parts, each of which 


2658. 


2659. 


2660. 


conſiſts of many ſmaller Parts. The firſt is a plane metallick Spe- Plate 8 3. 


culum, ſupported by a Stand, the other is a Clock which directs 

the Speculum. 
We make uſe of a metallick Speculum, becauſe there is a dou- 
ble Reflection in a Glaſs one. The Magnitude and Figure of it 
22 are 
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are not material; mine is rectangular, four Inches long and three 
broad. 

This is put into a wooden Frame, which is ſurrounded with 
wooden Rulers, cut in, whereby the Speculum is retain'd. 

To ſuſtain this, without hindering it's Motion, to the ſaid 
wooden Frame, behind, is applied the Braſs Plate aa, whoſe 
Ends, being bent, are faſten'd to the Wood ſideways. 

This Speculum 8 is ſuſpended by the Handle A A, ſmall Screws 
being put through Holes in the End of it, which go into the Ends 
a, a, of the ſaid Frame, and whoſe Parts, which are in the Holes 
of the Handle, are cylindrical, fo that the Speculum turns freely 
upon it's Axis, which, if it were made ſenſible, wou'd paſs along 
the Surface of the Speculum. 

The Handle is join'd to the Cylinder C, whoſe Axis, if it were 
continued, wou'd concur with the middle Point of the ſaid Axis 
of the Revolution of the Speculum. 

To the ſame Point anſwers the Tail DE, which is join'd per- 
pendicularly to the hind Part of the Speculum. This Tail is cy- 
lindrical ; and is made of a Braſs Wire, which is ſtrait, firm, and 
whoſe Diameter is about a fixth Part of an Inch. 

The Cylinder C is put upon the wooden Stand P, whoſe upper 
Part is repreſented by itſelf; whilſt this is done, the Iron Cylinder 
e, whoſe Surface is ſmooth, goes into a Cavity in the Cylinder C, 
which is of Copper; by which Means this turns freely about it's 
Axis, ſo that, by the Motion of the Tail D E, the Poſition of the 
Speculum is very eaſily alter'd as you pleaſe. 

This is rais'd, and depreſs'd, by Means of the three Braſs Screws 
B, B, B, which are turn'd with a Key, and go through a Plate of 
the ſame Metal, which is applied to the Bottom of the Stand for 
that Purpoſe ; and which ſtands out in three Places, to receive the 
SCrewWS, | 

If the Speculum is to be rais'd higher, as may eaſily be done, 
we put the Speculum together with it's Stand, upon a ſmall Board, 
which has low Feet, and is made for that Purpoſe. 

The other Part of the Machine is a Clock, as has been faid 
above. This is repreſented at H ; the Index performs it's Revo- 
lution in twenty four Hours. | 

The Plane of the Clock is inclin'd to the Horizon, according to 
the Inclination of the Equater in the Place, where the Machine 
is made uſe of; that is, in this our City of Leiden is 37 49. 
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But this Machine may be made uſe of in other Places, whoſe 
Latitudes difter one or two Degrees from this Place, as will ap- 

r 
The Clock is ſuſtain'd by the Copper Pillar FG; this conſiſts 
of two Parts, which are joined by the Screws d, d, between which, 
as in a Sheath, is mov'd an Iron Plate, in the Middle of which 
there is a Slit, through which the ſaid Screws d, d, paſs. This 
Plate 1s join'd faſt to the lower Plate of the Clock itſelf, which is 
rais'd and depreſs d by this Method, and faſten'd by the Screws 
d, d. It may alſo be rais'd higher by the Screws I, I, I, which 
go through the thick Copper Plate LLM, upon which the Pillar 
FG ſtands, 

The extreme Parts of this Plate L, L, are terminated in ſuch 
Manner, that 5c and cb make one right Line, through which we 
ſuppoſe a vertical Plane to paſs, this will be perpendicular to the 
horizontal Lines, which may be drawn on the Plane of the Clock ; 
ſuch as are /g, hi. 


The Machine is ſo order'd, that the Plane of the Clock may 


have the Inclination beforemention'd *, when the Plane LL MX 


is horizontal; in which Situation it is eaſily plac'd by Means of 
the Screws I, I, I, by Help of the Plumb Line Q, whoſe Point 
ſhou'd anſwer to the Point o, which is mark'd upon the Surface 


LLM. 
If the Machine were to be us'd in another Place, whoſe Latitude 


differ'd from that, for which the Machine was conſtructed *, ano- * 


ther Point as o wou'd be to be mark'd, in which Caſe the Plane 
LLM wou'd be inclin'd to the Horizon. 

The Axis of the Wheel, which moves the Index, is pretty 
thick, and 1s perforated cylindrically ; ; but the Cavity inclines a 
little to a conical Figure; for towards the Bottom it is aer 
narrower. 

The Index itſelf is repreſented at ON ; this is of Braſs, and 
it's Tail pq exactly fills the Cavity mention d laſt, into which it is 


thruſt tight, that it may ſtick, and, that the Whee | may carry 


the Index with it as it moves ; whoſe Sitvation may yet be alter d, 
and ſet to any Hour. 


This Tail has alſo a cylindrical Hole, and through this paſſes the 
ſmall Braſs Wire Id, which remains in any Situation, whilit it is 


rais'd, or depreſs'd. 
At the End O of the Index there is a ſmall R r, which 


is perforated cylindrically. _ 
e 
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The Length of the Index is meafur'd in the Line, perpendicu- 
lar to / d, drawn from the Axis of the Cylinder 7 to the Axis of 
the Wire Id. In my Machine this Length is fix Inches. 

The Iron Tail F of the Piece T goes into the Cavity of the Cy- 
linder z ; this Tail exactly fills the Cavity, but yet moves freely 
in it. 

Between the Legs of the Piece T, the ſmall Pipe R my be ſuſ⸗ 
pended at different Heights, through which the Tail DE of the 


Speculum may be mov'd freely *, which fills the Pipe very exactly. 


This ſmall Pipe is ſuſpended, as was ſaid of the Speculum +. The 
ſmall Screws 7, 7, paſs through the faid Legs, and the Ends of 
them go into the Parts n, m, of the Pipe, and remain there: 
Then the Pipe turns freely about the Axis which paſſes through 
mm; for the Parts of the ſmall Screws are cylindrical, which an- 
ſwer to the Holes in the Legs of the Piece T. 

When the Machine is to be fix'd, we make uſe of another Ma- 
chine which we ſhall call a Placer. 

The Cylinder C together with it's Speculum 1s remov'd from the 
Stand P, upon which is plac'd the Braſs Pillar VX. This ſticks 
tighter to e than the Cylinder C, that the Pillar may keep it's 
Place, whilſt the Machine is ſettled. 

Upon the Head X the Ruler Y Z moves round a Center, ſo that 
it may be inclin'd to the Horizon as you pleaſe, and keep it's Po- 
ſition. The Length of the Arm XX is determin'd at Pleaſure. 
The Arm X is of a peculiar Conſtruction, and a certain Length. 

To the ſaid Ruler, which is not extended beyond y, there are 
applied to others, as x Z, between which the firft is inclos'd : 
Theſe are join'd at Z, and alſo cohere by Means of the Screws 
2, S, which paſs through a Slit in the firſt Ruler. On this Ruler is 
mark'd the ſmall Line vs, whoſe Length is equal to nine hundredth 
Parts of the Length of the Index *; and which is divided, in the 
Manner which will be mention'd preſently. 

The Arm X is equal to the Length of the Index “, if it be 
meaſur'd between the Center of Motion at X and the End Z, 
when the End x of the* outward Ruler, agrees to v, where the 
Diviſions of the ſmall Line vs begin. 

The Diviſions of this ſmall Line are unequal, and determine the 
Length of the Arm at different Times of the Year, by apply- 


ing x to the Diviſion, which anſwers to the Day, in which the 
Machine 1s us'd. 


But 
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But in order to mark the Diviſions, we ſuppoſe the Length of 2689. 
the Arm * to be divided into a thouſand equal Parts, that is, vs * 2680. 


into ninety Parts ; but the Diſtances from the Point v are ſet down 
in the following ſmall Table. 


21. Mar. 1. Mar. 21. Fe. 11. Fe. 1. Fe. 21. Ja. 11. Ja. 21. Dec. 
O. 8. 17. 32. 47. 3 90. 
21. Sept. 11. Oct. 21. Oc. 1. No. 11. No. 21. No. 1 Dec. 21. Dec. 


On the oppoſite Side of the Ruler, there is alſo drawn a ſmall 
Line, which accurately anſwers to vs, whoſe Diviſions are contain'd 


in this ſecond ſmall Table. 


21. Mar. 11. Ap. 21. Ap. 1. May 11. May 21. May 1. Jun. 21. Jun. 2691. 
O. 11. 22. 36. 31. 66. 79. 90. 
21. Sep. I. Sep. 21. Au. 11. Au. 1. Au. 21. Jul. 11. Jul. 21. Jun. 


Theſe Ihings being thus order'd, to fix the Machine, it is put 
upon a Plane that is horizontal, or nearly ſo. 

Firſt we join the Placer * to the Stand P +, which we raiſe as 2693. 
much as is neceſlary *, that the Ruler Y Z being reduc'd to a juſt * 2683. 
Length +, which we turn at Pleaſure, and incline, in every reſpect, + 268 . 


2690. 


2692. 


that is with reſpect to the Place, and Direction, may agree to the * 2617 2668. 


Sun's Ray, which we undertake to fix. ＋ 2688. 
We fo order the other Part of the Machine, that the Lines be, 2694. 
bc, may agree to a Meridian Line, which has been drawn on the 
Plane “; and it is fo diſpos'd by Means of the Screws I, I, I, * 2692. 
that the Plumb-Line Q may anſwer to the Point . + 2674. 
The Index NO is turn'd *, that the Sun's Rays may paſs di- 2695. 
rectly through the Pipe R +, which is turn'd, and inclin'd, as is „ 26 
requir d. The Braſs Wire /d * is then rais'd or depreſs'd, that 44 
the Shadow of the End of it / may paſs through the Middle of T 8 8 
the Pipe. 
Thi. whole Part is mov'd to the Placer, which is order'd as has 2696. 
been ſaid before l. But the Clock is ſo mov'd towards the Placer, * 


| . >> $007; 
and rais'd, that the End / of the Braſs Wire /&# may agree to the 


End Z of the Ruler Y Z. 

We muſt continually have regard to the Plummet Q, that it 
may always anſwer to the Point o; we mult alſo take Care, that, 
after the Clock is mov'd, the Sun's Rays and the Shadow of the 
Point I, may tals through the ſmall Pipe R, as before, that the 
Poſition with reſpect to the Meridian may not be diſturb'd. 


The 
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The Pillar VX with it's Ruler V Z is remov'd, the Stand P be- 
ing left in it's Place, on which the Cylinder C, with it's Speculum, 
is put. The Piece T is taken out of it's Place, that the Tail DE 
of the Speculum may be put through the Pipe R ; when the Piece 
T is put in the ſame Place again, every thing is ready. 

Then the Rays reflected from the Middle of the Speculum, to 
which all the other Rays, reflected from the Speculum, are pa- 
rallel, agree, as to Place, and Direction, with the Poſition which the 
Ruler of the Placer had ; and whilſt the Tail of the Speculum is 
mov'd, as the Clock moves, whoſe Index follows the Sun, it's 
Situation is alter'd with reſpect to the Sun; but the Ray, reflected 
from the middle Point of the Speculum, remains fix'd. 

If, the Index NO being taken away, we ſubſtitute the Index 
K, the Machine may be us'd as a common Clock. 

The Experiments concerning Light muſt be made in the Dark; 
for this Reaſon the Machine, when made uſe of in the Experi- 
ments, muſt be ſhut up in a Box or Caſe. 


A BOX or CASE, 
In which the Helio/tate is inclos d. 


The Box is repreſented at A ; it ſtands upon Feet, that have 
Rollers jom'd to them, that it may be eaſily mov'd. It is open at 
one End, which End is mov'd to a Window, through which the 
Sun's Rays come freely to the Speculum. 

But the Box 1s every Way larger than the Window, that by be- 
ing applied cloſe to the Wall, the Light may be hinder d from en- 
tering into the Chamber; to this End, the Box is mov'd as near 
the Wall as poſſible, and the Screws C, C, which are faſten'd to 
the fore Feet, are turn'd, till they touch the Ground. 

The Door in my Machine is oppoſite to the Window; it might 


| have been otherwiſe diſpos d. We tranſmit the Rays through the 


fore Part B; we make choice of this, by Reaſon of the make of 
the Place, in which the Experiments concerning Light were made. 
In this Part there are two Apertures three Inches broad, and about 

eighteen Inches high, one of which is repreſented open at DE. 
Theſe are clos'd,, on the Outſide, by Pieces of Wood, which 
are moveable between wooden Rulers. Each Piece ſerves either 
Aperture, that they may be chang'd. One of them F is three 
Foot long, and has a Hole in it's Middle. The Aperture a6 is 
five Inches long, and two broad. | 
| This 
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Chap. 2. of Natural Philoſophy. 


This is clos'd by the Copper Plate G H, in which there are two 
Holes, c, d; the Diameter of that is two Thirds of an Inch, the 
Diameter of this is leſs. Theſe Holes are ſtopp'd by the Plates 
and K, which are applied to the firſt Plate G H, and are move- 
able about the Centers i and : the Magnitudes of the Holes may 
alſo be varied, by turning the laſt Plates, as the Figure ſhews. 

The Board F is hollow'd behind, in order to receive the object 
Glaſs of a Teleſcope of ſixteen, twenty, or five and twenty Feet, 
according to the Magnitude of the Place, in which the Experi- 
ments are made ; the Center of this Glaſs ought to anſwer to the 
Center of the Hole c. 

This Board F is pretty long, the Holes of the ſmall Plate may 
anſwer to any Part of the Aperture of the Box, the other Part of 
the Aperture remaining ſhut. For this Reaſon the ſecond Board is 
thorter, it is ſufficient if the Aperture be clos'd with this. Theſe 
Boards are faſten'd by the Screws M, M. | 

We have ſhewn how the Box is to be applied to the Window *; 
but this cannot be done thus, if we wou'd make the Experiments 
in the Hours, in which the Sun's Rays enter the Window very ob- 
liquely; in this Caſe, that the Rays may come to the Speculum, 
the Box muſt anſwer to a Part of the Window only ; the remain- 
ing Part is clos'd any other Way; I make uſe of a Curtain, to ex- 
clude all the Sun's Rays. 


SCHOLIUM. 
A Demonſtration of the Effect of the foregoing Machine. 


HIS Demonſtration is deduc'd from the diurnal Motion of the 
Sun ; therefore thoſe, who are unacquainted with the Laws of this 
Motion; may paſs over this Scholium, till they read in the following 


Book what relates to this Matter. 
Let S be the middle Point of the Speculum ; SA the reflected Ray, 
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2705. 


2706. 


270%. 


2708. 
* 2703. 


2709. 


2710. 


which 1s to be kept in this Situation, taken at Pleaſure , let the incident Pl. g 5.F.8. 


Ray, in any Moment whatever, be BS. When I ſpeak of the Reflection 
of Light, I ſhall demonſtrate, that theſe two Rays are in a Plane, per- 
pendicular to the Plane of the Speculum, and that the Line perpendicular 
to this Plane at S, divides the Angle BSA into two equal Parts. There- 
lore taking SA, SB equal, and drawing BA, if this be divided into 


equal Parts at R, SR will be the ſaid Perpendicular * ; and this being “* 3. El. 3. 
continued Sr ſhews the Poſition of the Tail of the Speculum “, in the * 2665. 


Caſe which we are conſidering. 
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If the incident Ray be CS, we diſcover the Poſition of the Tail of the 

in this Caſe after the ſame Manner, taking SC equal to Sa 

and drawing AC; for if we divide this into two equal Parts at E, and 

ESe be drawn, Se will determine the Poſition of the Tail of the Spe- 
culum. 


In like Manner, ſuppoſing DS to be the incident Ray, let DS be equal 


- to SA, and let DA be divided into two equal Parts at I; if IS; be 
dran, 81 will ſhew the Poſition of the Tail of the er 


2711. 


After the ſame Manner, when the incident Ray is alter'd at Pleaſure, 
is diſcover'd the Poſition of the Speculum, that the reflected Ray may 
remain. | 

The Sun in it's diurnal Motion deſcribes the Equator, or a Circle pa- 
rallel to it; we conſider this laſt Caſe. 


Drawing Lines from all Points of this Circle to the Center of the 


way Earth, theſe will make the Surface of a right Cone, which alters every 


2712. 


2713. 


2714. 


® 14,15, El. i. 


2716. 


2716. 


Day; we take into Conſideration any one of theſe Cones. 

Any Point on the Surface of the Earth may be taken for it's Center, 
by Reaſon of the immenſe Diſtance of the Sun; as is done in Di- 
alling. 

Therefore let S be the Center of the Earth ; the Rays SB, SC, SD, 
together with all the intermediate ones, will make a right Cone; all theſe 
being continued, and taking S5, Sc, Sd, equal to one another and the 
firſt Lines, and therefore to SA, the Points , c, d, will be in the Cir- 
cumference of a Circle, whoſe Plane is parallel to the Plane of the 
Equator. 

Continue AS to a, and make S à equal to AS; and drawing the Lines 
da, ca, ba, the Line da will be parallel and equal to AD, by Reaſon of 
the Triangles ASD and 48 d, which agree in every Thing * ; and the 
Line IS continued will cut ad in the middle Point i. In the ſame Man- 
ner e and r divide the Lines ca, 4a, into equal Parts. 

Theſe Lines da, ca, ba, with the others, which are drawn from 
Points of the Circumference de to a, make the Surface of an oblique 
Cone. If this be cut by a Plane, parallel to it's Baſe, the Section will be 
a Circle; but if the Section paſſes through one of the Points, as 7, e, 7, 
it will paſs through all, which eaſily appears ; and all theſe Points, with 
the like Points, are in the Circumference of a Circle, whoſe Plane is allo 
parallel to the Equator. 

Divide Sa into two equal Parts at /; and draw 71, el, r1, theſe will 
be parallel to the correſponding Lines, paſſing through S; 7 / is parallel 


to 8B, for the Sides Sa, , of the Triangle Sha are biſected at 


P 2714 

2717. 
* 2716; 
T 2710. 


I and v. 
So likewiſe el is parallel to c SC; and i! is parallel to SD ; and ſo 


of the others. But as 58S is equal to Sa , 71 will be equal to /a, or 18. 
When the Direction of the Sun's Rays is BS, or /r, which are pa- 


rallel *, the Point S reflects the Ray along SA, when the Tail of the 


Speculum paſſes along r . This Tail ought to paſs along e, if the Di- 
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rection of the Rays be Je parallel to CS; if they be directed along DS 
and 17, the Tail muſt be directed along 1. If this be every where ob- 
ſerv'd, SA will always be the reflected Ray. 

Hence it follows, that the Ray reflected along S A remains fix'd, when 
the Tail of the Speculum continually concurs in the Circumference of the 
Circle ier with the Sun's Ray that paſſes through /. But we ſhall de- 
monſtrate that the Machine, deſcrib'd above, pertorms this. ; 

The Index of the Clock moves with the Sun, and the middle Point of 
the Pipe R, deſcribes a Circle parallel to the Equator, tor the Pipe is ſuſ- 
pended in ſuch Manner, that the middle Point is not alter'd, by varyin 
the Inclination of it, or turning the Piece T, that ſuſtains the Pipe *. This 
is the Circle, that is mark'd with the Letters ze 7 in this Figure. 

The Index of the Clock is ſo order'd, that, during it's Motion, the 
Ray of the Sun, which paſſes through the Point J (Pl. 83.) which is the 
ſame with the Point! in this Figure of ours, may alſo always paſs through 
the ſaid middle Point of the ſmall Pipe *, through which Point alſo the Axis 
of the Cylinder continually paſies, which makes the Tail of the Clock ; 
therefore the Machine will perform all, that is requir'd *, if the Center 
of the Speculum be well order'd. 

In the Delineation of the Machine, and in the preſent Figure, the 
Point / is marked with the ſame Letter, and in this S repreſents the mid- 
dle Point of the Surface of the Speculum, which Point remains unmov*d 
in the Agitation of the Speculum. Therefore we muſt demonſtrate that 
in this Figure is conſtituted with reſpect to 8, as / is in that with reſpect 
to the Center of the Speculum. 

In both Figures the two Points are 1n the reflected Ray continued * : 
The Diſtance S /, in this laſt Figure, is equal to any Line as /z, or /e *; 
theſe Lines make an Angle with the Plane of the Circle -er equal to the 
Declination of the Sun, and theſe Lines, and therefore Si, are equal to 
the Secant of this Angle, when a Circle is made uſe of, whoſe Ray is 
equal to the Semidiameter of the Circle ier; this Semidiameter anſwers 
to the Length of the Index *, and the Ruler of the Placer is divided in 
ſuch Manner F, that the Length of the Part, which - meaſures the Di- 
ſtance between the Center of the Speculum and / *, is always equal, ac- 
cording to the Time given, to the Secant of the Declination of the Sun, 
at that Time, the Ray of the Circle being given equal to the Length of 
the Index ; to this Secant is alſo equal the Diſtance between / and the 
middle Point of the ſmall Tube which follows from the Direction of the 
Sun's Rays *. Therefore every Thing anſwers in the Figures, which re- 
main'd to be demonſtrated. 

When the Sun is in the Equator the Point ! coincides with the Center 
of the Circle ier. When it is in the Southern Signs, / is depreſs'd be- 
low the Plane of the Circle ier; for this Reaſon the Legs of the Piece T 
are pretty long, that we may in the Winter raiſe the Pipe, through 
which the Tail of the Speculum paſſes. | 
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q . 
Of the Inflection of the Rays of Light. 


E have ſhewn before that Fire is attracted by Bodies * 
this appears plainly in the Sun's Rays, which are bent to- 
wards Bodies, when they paſs along at a ſmall Diſtance from the 
2523. Bodies. This ſhews that 7he Rays are driven towards Bodies, and 
* 73. attracted by Bodies * with ſome Force. 

2724. The ſaid Attraction is ſubject to the fame Laws as that, which 
* obtains between the ſmall conſtituent Particles of Bodies *. I: Cy. 
757 raft it is very great; in this Caſe the Light joins itſelf to the Par- 
| ticles of Bodies, as has been obſerv'd in general with regard to 
* 2397. Fire *, which appears directly from daily Obſervations made on 
Light; for Bodies, which are illuminated with the Sun's Rays, do 
not reflect, or tranſmit them all, but many are extinguiſh'd in the 

* 2421. Bodies themſelves, and communicate Heat to them #. 

2725. The Attraction of which we are ſpeaking, ſuddenly decreaſes as 

we recede from the Body, and extends itſelf to a ſmall Diſtance, 

2726. which is yet not altogether inſenfible ; at a greater Diſtance it is 

chang'd into a repellent Force, whereby the Rays are bent, and recede 
from Bodies; which Action, as you recede from a Body, is alſo di- 
mini ſb d. | 

2727. ; oo to this Law the Rays are differently bent, as they 
Plate 86. Paſs at a ſmall Diſtance from the Angle, which the Surfaces of a 
Fig. 1 Body make. Let C be an Edge, which ſuch an Angle makes, 

which we ſuppoſe Acute, that the Effect may be the more ſenſi- 
ble. A Ray of Light conſiſting of many Rays parallel to one ano- 
ther, when it paſſes near the Edge, is diſpers'd ; that Ray of thoſe, 
into which the firſt Ray is divided, which paſſes at the leaſt Di- 
ſtance, is attracted the moſt ſtrongly; AB is bent towards F. 

As we recede from C, the Deflection is diminiſh'd, and the Ray 
HI paſſes on in a ſtrait Line. If the Diſtance is increas'd there is 
a Repulſion, which ſuddenly increaſes, and again decreaſes ; for, 
when the Repulſion obtains, we find that it is greater at a leſs than 
at a greater Diſtance, a Ray, as DE, 1s bent towards G. 

Among the Experiments, which belong to this Matter, I (ball 
ſele& thoſe, from which the ſaid Properties of Light manifeſtly 
tollow. | 
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A MACHINE, 


hereby Experiments concerning the Attraction, and Repuſſion, of 
Light, are made. 


The Plate A BE is of Braſs; to this are applied the Rulers BF, 2728. 
EG, made of the ſame Metal, between which the Steel Plate I is Pl. 86. F. 2. 
moveable, which is thruſt forwards, and drawn backwards, by 
Means of the Screw C; a like Steel Plate H is applied to the 
Plate ABE, and faſten'd by Means of the ſmall Screws u, o. 

Theſe Plates cover a ſquare Aperture in the Plate ABE; the 2729. 
Sides of this Square are equal to half an Inch. The Surfaces of 
the Plates I and H, which touch the Plate, are plane ; and the 


Plates are ſo cut, that each has an Edge a, which are more or 1 i411 


leſs ſeparated, or join'd together, by turning the Screw C. 

The Hole, through which the Screw 7 goes, is ſomewhat wider, 2730, 
that the Plate H may turn a little about the Center o, and that it's 
Edge may be inclin'd a little to the other; in this Poſition it is fix'd 
by the Screw 7, and both the Edges can come together only in 
one Point. 

The Plate H is ſometimes applied to the oppoſite Surface of the 2731. 
Plate A BE, whoſe Thickneſs is equal to about a twelfth of an 
Inch; it is faſtened by Means of the Screws u, o, which go in- 
to the ſame Holes of the Plate ABE. The Poſition of the Plate 
H is inverted, that the ſame Surface of it may touch the Braſs 
Plate. 

In the Repreſentation of the Machine the Dimenſions are reduc'd 
to an half, 

To the Board T, which is here reduc'd to a ſixth Part of its 2732- 
Dimenſion, we apply the Plate mention'd &, and faſten it by Means Pl. 86 E. 3. 
of Screws. We repreſent the oppoſite Surface of the Board, that 2728. 
the Aperture L may appear, which is an Inch high, and a little 
broader, which the Plate itſelf covers: The Board ſtands upon 
Feet that it may keep it's vertical Poſition. 

In the following Experiments we make uſe of the Helioftate *, 2733. 
which is the moſt convenient ; but as all, who may be willing to * 2600, 
make theſe Experiments again, and conſider their Circumſtances, | 
cannot make uſe of ſuch a Machine, either by Reaſon of the want 
of Skill in the Workmen that make them, or for ſome other 
Reaſon, I will alſo ſhew how theſe Experiments may be me de 
without the Helioſtate. And I ſhall oblerve this . 

| en 
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When any Thing peculiar is to be obſerv'd in an Experiment 
made without the Helioſtate, 1 ſhall make mention of it. | 


EXPERIMENT I. 

We have Occaſion for an horizontal Ray in this, and the follow. 
ing Experiment; according to what is explain'd in the laſt Chap. 
ter, we fix the Helioſtate in ſuch Manner, that ſuch a Ray may 
paſs through that Hole of the Plate, in the Side of the Box A 
which may be narrow'd moſt. 

If we wou'd make the Experiment without that Apparatus, and 
remove only the firſt of the Inconveniencies mention'd *, we 
ought to fix in the Window, when ſhut, a Plate, like that men- 
tion'd , that the Light may enter in through a Hole, whoſe Mag- 
nitude may be alter'd, as before. We make uſe of a Hole in this 
Experiment, whoſe Diameter is about a Quarter of an Inch. We 
reflect the Ray with a plane, metallic Speculum ; the Speculum is 
ſuſtain'd by a Tripod, like that, which is us'd in meaſuring of 
Land, and on which is put a Cylinder, which has a Ball that moves 
in it, whereby the Speculum may be turn'd any Way. We bo 
diſpoſe this, that the reflected Ray may be horizontal. 

This Ray is directed ſo that it may paſs through the Aperture L 
of the Board F *, which is plac'd at the Diſtance of fix or ſeven 
Inches from the Window, and through the Aperture in the Copper 
Plate, join'd to the Board, ſo that it may fall on the Steel Plate ap- 
plied to this Copper Plate *. 

The Edges of the Plates + are plac'd parallel to one another, and 
between theſe there is left a Diſtance of about a tenth of an Inch. 
The Light paſſes between the Edges, and falls upon white Paper, 
plac'd at the Diſtance of about three Foot from the Board T ; the 
Rays, which paſs at the Mid-way between the Edges, make a 
white Spot, on both Sides of which the Light extends itſelf like 
the Tail of a Comet; which clearly demonſtrates the Inflection of 
the Rays, ariſing from the Attraction as they paſs along near the 
Edges. 

Phe Diſtances, which have been mention'd, of the Board T, 
and the Paper, may be varied. 

In this Experiment the Repulſion of Light does not appear ; 
becauſe the Light that is repelled, is mix'd with that, which paſſes 
on directly; but this is made manifeſt by the following Experiment. 


ExPE- 
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EXPERIMENT 2, 
Things remaining, as in the foregoing Experiment, the Edges 


muſt be gently mov'd towards one another, by turning the Screw * ; * 


then the white Space is narrow'd, and on each Side of it there ap- 

ar three colour'd Borders, parallel to the Edges ; of the Colours 
[ ſhall ſpeak in the laſt Part of this Book. The Edges being 
brought {till nearer to one another, the white Space is dilated more 
and more, and the Borders made on both Sides by the attracted 
Light, are remov'd on both Sides, and the intermcdiate Space is at 
length ſo darken'd, that it is manifeſt, that none of the Light paſſes 
on in a right Line. 

Theſe Phenomena appear more diſtinctly, when the Aperture 
in the Window 1s narrow'd. 

Whilſt the Edges are mov'd towards one another, the Rays, 
which are attracted by one Edge, fall into the Sphere of Repulſion 
of the other Edge, and are repelled ; by that the firſt Inflection is 
increas d, and the Lights are remov'd farther on both Sides, and 
the middle Space is increas d. Therefore the Experiment demon- 


ſtrates the Repulſion; and it alſo appears that it is greater at a leſs 
Diſtance k. 


EXPERIMENT 3. 


We alſo immediately demonſtrate, that in theſe Caſes the Ac- 
tions of both Edges concur upon the ſame Rays; for if one Edge 
be put into a tremulous Motion, the other being at Reſt, the Light, 
bent on both Sides, is affected with a tremulous Motion. 

We ſaid that the Diſtance, at which Light acts upon Bodics, is 
not altogether inſenſible * ; this alſo appears in the ſecond Experi- 
ment ; for if the Diſtance between the Edges be equal to a fortieth 
Part of an Inch, none of the Light paſſes on in a ſtrait Line, but 
it is all turn'd aſide. 

From the ſecond Experiment we alſo infer, that the repellent 
Force diminiſhes, as the Diſtance increaſes ; this we have alſo af- 
firm'd of Attraction & which alſo is deduc'd from Experiment. 


EXPERIMENT 4. 
When the Diſtance between the Edges is ſo diminiſh'd in the 
ſecond Experiment, that no Light paſſes between them in a {trait 
Line, if the Diſtance be till diminiſh'd, the Borders difappear 


— till the Edges being join d, no Light paſſes between 
them. 
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It is manifeſt that thoſe diſappear firſt, which are made by the 


Rays, more remote from the Edges, and that thoſe diſappcar laſt, 


that are made by the Rays that paſs along the neareſt to the Edges. 
But the inward Borders, which are made by the Rays leſs bent, 
diſappear firſt, and the outward ones laſt ; which ſhews, that thoſe 


Rays are the moſt bent, which paſs along at the leaſt Diſtance from 
the Edges. 


EXPERIMENT &5F 


The principal Phenomena, obſerv'd in the foregoing Experi- 


ment, may be ſeen at one View only, it the Plate H be a little in- 
clin'd, in ſuch Manner, that the Edges may make a ſmall Angle +, 


. and be contiguous at one End. Then as the Rays paſs between 


P1.86.F.5. 


2747. 


2748. 
Pl. 86. F. b. 


© 2923, 
+ 2720. 


the Edges, we ſee at the ſame Time, what obtains at difterent Di- 
ſtances ; this is repreſented at Fig. 5. 

The Phenomena, hitherto explain'd, differ but in one Circum— 
{tance from thoſe, which we obſerve, when the Steel Plates are fo 
diſpos'd, that the Rays may not come to one Edge, without paſ- 
{ing over the other. 

Let H be one Plate ; I the other, more remote from the Hole, 
through which the Light enters; the Phenomena are eaſily diſ- 
cover'd. 

The Rays which paſs near H, are attracted “, and repell'd +; 
the firſt are ſenſible, becauſe they are bent towards the Shadow; 
the others are mix'd with them, which do not paſs directly beyond 
the Sphere of Repulſion. The fame Thing obtains with reſpect 
to the Rays, that paſs near the other Edge, and we obſerve the 
ſame Things, as were mention'd in the firſt Experiment *. 

If the Space, between the Edges, through which the Light 
paſſes, be ſo narrow'd, that there may be paſſage only for thoſe 
Rays, upon which the firſt Edge, namely that of the Plate H, 
acts, thoſe Things happen, which were explain'd in the ſecond 
Experiment *; both Edges act upon all the Rays, they are repell'd 
by one, which are attracted by the other, which alſo immediately 


appears, if the third Experiment * be repeated in theſe Circum- 


ſtances, | 

In the fourth Experiment * we perceive this only Difference, all 
the Borders at the Part of the hind Plate I diſappear, thoſe remain- 
ing, which are painted at the other Part. 

When the Space, through which the Light can paſs, 1s very 


narrow, the Light, reflected from the Edge H, as alſo all that 


which 
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which paſſes in a right Line, runs againſt the Plate I, and is inter- 
cepted; but that, which is attracted by H, and is therefore bent, 
paſſes through the Sphere of Repulſion of the Edge I; then no 
Light is bent towards I. If any of this bent Light falls into the 
Sphere of Attraction of the laſt Plate, the Effect cannot be ſenſible. 


EXPERIMENT 6. 


We remove the Plate R from it's Place, and apply it to the op- 2752. 
poſite Surface of the Plate ABE. We faſten that Plate in ſuch Pl. 86. F. 2. 
Manner, that the Edges may not be parallel; but that one may 27371. 
be a little inclin'd with reſpect to the other, as in the fifth Experi- 
ment * ; and we Joes them fo that all the Light may be inter- 2746. 
cepted at one End. 

All Things being now order'd as in the foregoing Experiments, 


the Phenomena ariſing from the different Breadth of the Space, Pl. 86. F. 7. 


through which the Light paſſes, are perceiv'd at one View, as in 

the fifth Experiment ; the Figure, in which is repreſented what is 

here obſerv'd, only differs from the Figure of the ſaid fifth Ex | 
riment with reſpe& to the Rays diſappearing at one Part, — 4 

thoſe are intercepted, which are bent at the oppoſite Part *. * 2550. 
| Wee freely acknowledge, that the Cauſes of the Attraction and 2753. 
Repulſion of Light are conceal'd from us; but the Experiments, 
explain'd in this Chapter, fully evince, that they do really obtain ; 

more might be added, which does not indeed ſo directly prove At- 

traction and Repulſion, but ſo manifeſtly flows from them, that, 

if there was Occaſion, what has been hitherto explain'd, might be 
confirm'd by other Arguments, 
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CHAP. IV. 


Of the Machines, whereby the Experiments concerning 
the Refraftion of Light are made. 


EVERAL Machines, of which many are ſmall, are made 

uſe of, in the Experiments, which belong to this ſecond Part 

of this Book; but as I often uſe the fame Machines, I thought it 

beft, to explain them firſt, that the Series of the Explanation may 
not. be too often interrupted. 


i ER 
In which others are incluse d. 


This Box AB is about two Foot and an half long, and five 
Inches broad and deep. The Sides have Openings, the middle Part 
being taken away, and the extreme Parts only remaining, as C, D. 
The middle Part, which is taken away, is ſupplied by two Boards 
on each Side; as E F, at the fore Part of this Figure; H, G, 
behind. Theſe Boards are moveable in Grooves as ab; F is re- 
preſented in ſuch a Poſition, that if they were all thus, the Box 1s 
open'd laterally, as much as it can be. 

The Board G is repreſented drawn out of it's Place; if H ſhou'd 
be drawn out in the ſame Manner, this wou'd meet G; thus 
alſo E and F may meet. | 
The Box is open at Top, as alſo at the End B; one End 1s 
clos'd, the Hole d being left in the Middle, whoſe Diameter is an 
Inch and a Quarter. | 
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BOXES, 
Terminated by Glaſs Planes. 


The Box M LI has a wooden Bottom; the End I is alſo clo9d 2758. 
by a wooden Plate; the other three Sides are of Glaſs; but the Pl. 87 F. 2. 
Pillars L and M are of Wood. The Glaſs Plates are plane and 
ſmooth, and like thoſe of which looking Glaſſes are made; theſe 
go into Grooves in the Wood, and are faſten'd, that the Box may 
hold Water. 

We have another Box of a ſomewhat different Conſtruction, and 
I prefer this ſecond Method; I only made mention of the firſt ; 
becauſe the Box is more eaſily made, when the Glaſſes are put into 
Wood. 

The Bottom of the Box P is made of a Braſs Plate RS, whoſe 
Ends being bent make Feet, whereby the Box is rais'd about one pi 
Inch. 

To this Plate are join'd, and ſtand perpendicularly upon it, the 
four Braſs Rulers, ab, bc, cd, da, whoſe Ends are join'd at 
a, b, c, d. The four Sides of the Box are of Glaſs, made of 
Plates, like thoſe above-mention d. Theſe Plates are applied to a 
Copper Bottom in ſuch Manner, that they are ſurrounded by the 
Braſs Rulers, a ſmall Interſtice being left ; the Extremities of the 
Plates come together, but ſo that the ſmaller Plates may be plac'd 
between the greater ones. 

The Glaſs Plates are join'd to the Bottom, and the Rulers, and 2760. 
together, by putting between them a Mixture of Roſin, and white 
Wax, in a ſmall Quantity. 


BOXES, 
That have ſpherical Glaſſes. 


The Box P is of Wood, nine or ten Inches long, and three broad 2761. 
in the Inſide. At the Ends of it there are Holes, one of which P1,88.F. 1. 
appears at V; theſe are clos'd with thin Glaſſes, making Portions 
of Spheres, which are put into the Wood, and faſten'd with Ce- 
ment. We make uſe of ſuch Glaſſes as are us'd in Watches; 
| thoſe are to be made choice of which are every where of the ſame 
Thickneſs, and are thin. Theſe Glaſſes are ſo placid, that the 
Convexity of the one may ſtand out beyond the Box, and that of 
the other may be turn'd towards the Inſide of the Box. It is alſo 


to be obſerv'd, that the Diameter of the Holes, to which the 
2 Glaſles 
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Pl. 88. F. 2. 
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Pl. 88. F. 3. 
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Pl. 87. F. 4. 
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Glaſſes are applied are equal to an Inch and a Quarter ; but that 
the Diameters of the Glaſſes ought to exceed them half an Inch. 

A Section of the Box along the Length is repreſented at p, the 
Glaſſes appear at v, v. 

The ert T, 8, are ſometimes put into the Box; they go 
acroſs it, and are ſuſtain'd by Means of the Prominences a, b, and 
a, b, and reach almoſt to the Bottom : But that they may keep 
their vertical Situation, when Water 1s pour'd into the Box, Lead 
is put into the Wood at cd, cd. / 

In the Board S is faſten'd the Glaſs Q, convex on both Sides, 
which collects the Sun's Rays at the Diſtance of an Inch. 

The Board T is made white ; but S muſt be made black, as 
alſo all the Boxes, and moſt other Inſtruments, which are us'd in 
Experiments concerning Light, _ 

To the Box P is join'd another AD B, open at A in ſuch Man- 
ner, that either End of the Box P may be put into this End. One 
End of the Box AB, namely D, is clos'd, and has a Hole in the 
Middle of it: The Hole is equal to the Holes in the Box P, and 
anſwers to them in ſuch Manner, that when the Boxes are join'd 
together, Light may be tranſmitted through the three Holes. 

A third ſmaller Box is repreſented at E F; in one of it's long 
Sides there are two Holes V, R, equal and ſimilar to thoſe, which 
are in the Box P, and clos'd in the fame Manner with Glaſſes “; 
the Convexity of the Glaſs at V is on the Outſide, at R it is on the 
Inſide. In the oppoſite Side G there is put a plane Glaſs Plate, that 
the Light may come directly to V and R. 

The tranſverſe Sections of this Box, along the Centers of the 
Glaſſes R and V, are repreſented at H and I; the Glaſſes appear 


at 7, v. 


Gant CURE 


The Cube C is made of pure Glaſs; this muſt be nicely work d, 
ſo that the Figure may be accurately cubical. It's Surfaces muſt 
be plain, ſmooth, and well poliſf d. The Sides are equal to two 
Inches. | 

In the Experiments this Cube, that it may not be damag'd, is 
put upon a Piece of black Cloth. It is convenient to make uſe of 
a Board as T, cover'd with ſuch a Cloth. 


BOARDS, 
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BOARDS, 
Through which Light is tranſmitted. 


We make uſe of various vertical Boards, for this Purpoſe. In the 256. 
firſt, whoſe fore Part and hind Part is repreſented, there is a vertical Pl. 8). F. 5. 
Inciſion a h, which is a Quarter of an Inch broad. This is clos'd 
at the fore Part of the Board, with a Plate of Wood A, which is 
dove-tail'd, and moves between two Rulers. By this Method the 
Aperture is terminated, whereſoever you pleaſe, toward this upper 
Part. 

Behind the Table there is applied to it a Board B, which is alſo 
dove-tail'd, and moves between two horizontal Rulers. By Help 
of this the Aperture is terminated as you pleaſe towards the Bottom. 

The two Pieces of Wood are made uſe of both together, that the 
Aperture may be rais'd, depreſs'd, and extended at Pleaſure. 

There is a ſecond Board that differs little from the firſt ; it's In- 2569. 
ciſion is horizontal half an Inch broad, which is diminiſh'd at Pl. 87. F. 6. 
Pleaſure, by one dove-tail'd Plate only, which moves between 
Rulers. It is ſufficient to diminiſh the Aperture towards one Way, 
becauſe the Board itſelf may be mov'd horizontally. 

We have Occaſion for a third Board T like the other; the Aper- 2770. 
ture of this is greater, being an Inch and a Quarter broad, and is Pl. 87. F. 7. 
terminated by a Semicircle both Ways; above this there moves be- 
tween two Rulers another Board H, which has a Hole in the Mid- 

dle of A. To the Hole, whoſe Diameter ſhou'd be equal to an 
Inch and a Quarter, is applied and put into the Wood a convex 
Glaſs, which collects the Rays of the Sun at the Diſtance of about 
eight Inches. 

The Glaſs U anſwers to the Aperture, and may be rais'd, or 2777. 
depreſs'd, the Space of one Inch, without intercepting the Rays 
tranſmitted through the Glaſs. | 

We alſo make uſe of a ſmaller Board T which is furniſh'd with 2772- 
a like Glaſs. A Section of this Board is repreſented at # when this Pl. 8 8. F. 4. 
is put into one or other of the Boxes mention'd in N. 2755, or 

2765, the Light, which is admitted through the Hole at the End 
of the Box, is tranſmitted through the Glaſs, which is to be ſo or- 
dercd, that the Center of it may anſwer to the Center of the Hole. 


AN 
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AN HORIZONTAL BOARD. 


Oftentimes Inſtruments, and other Things are to be rais'd upon 


Pl. 8 8. F. 5. a Table to a determined Height which is different according to dif. 


27574. 


2775. 


ferent Circumſtances. For this Purpoſe we make uſe of a Board 
T. whoſe Foot is repreſented at P. The Pillars C, C, which pat 
through the Holes a, &, of the Board T, which is then horizontally 
ſuſtain'd by the round outward Screws E, E, which are placed at 
the required Height. The Board is faſten'd by applying to it the 
like outward Screws D, D. 

All the Figures of the Machines explain'd in this Chapter, I re- 
duce to à ſixth Part of the true Magnitude. 


TABLES, 
Whoſe Height may be alter'd. 


We make uſe of ſeveral Tables of this Kind; I make uſe of 
three ; the length of one is two Foot and an half, and it's breadth 
two Foot, 

There are two other ſmaller ones fifteen Inches long, arid a Foot 
broad. | 

The Conſtruction of them is commonly known; to each there 
1s firmly join'd a ſquare wooden Pillar, almoſt two Inches broad 
and thick, which ſupports the Table. This Pillar is-moveable in a 


Sheath, which is made of four thin Pieces of Wood. This is 


ſuſtain'd in a vertical Poſition, at the Height of about eight Inches 
from the ground, three Feet being faſten'd to it's lower End, which 
ſpread at Bottom. | 
The Table is rais'd at Pleaſure, by drawing the Pillar out of the 
Sheath, more or leſs; it is faſten'd by Means of an Iron Screw 
which paſſes through a Ring of the ſame Metal, which ſurrounds 
the upper Part of the Sheath.” That the Wood may receive no Da- 
mage a Copper Plate is put between in ſuch Manner, that the 
Screw preſſes one End of it, whilſt the other End coheres with the 
inward Surface of the Sheath, that the Plate may not fall out of 
it's Place. By a like Method o; any other Method, a Rectangle 
made of wooden Rulers is rais'd at Pleaſure, and faſten'd, to which 
is applied a Paper, upon which the Light falls, in many Experi- 
ments. Such a Rectangle is of uſe in the Experiments of the 
foregoing Chapter, 
5 CHAP. 


6 


——— . — 
——— — —ñU]—ͤ—w — — — 


1 — —— „ ——— —ůů— —— 2 — 
- ay ew rr — 


T- hn 


rr y kd 


es 


— 


wy 
x7 


2222222233355 


— ** 
0005-0004 


34 444 $444 


+4 


HHH I 
5 8 1 „ 


+ + 4+ +++ 
$4 ++. $44 . 


— — 
— — 

— — 

- —— — — — 

— — — 

— — —— 

— ä — — 
— — — — 
— — — — 
— — — 
— — — 
— — _ — 
— — — 
— — — 
__— — — 


= 
2 
= 


M 
$131 


: 


* 


ps, 
1 
if | l j| 


44.4 41 $4 446.4 lil N 


— ——————— 
11 [{ MINN: [ 


I : 
- — 1 — 
— — 

— — —— — 
— —  - 
— 
— — — — 
——— 
— — 
— - 

— — — 
— — 
— — - 


- 


+ / 
77111 IT ttt ths! 
* 48 * 
* * 


2111 
+4» 


— — — —— 
— — - 
++ ++e — — 
— 
- 
«+ @©© DSS 5 _ — 
. — — = 


, : 8225 - | : 
KN . $4 — 40 By . > 1 1 . . 7 * 222 ++ 77 37] 0 þ _—- 7 > 
++ ++ — —ͤ 4 ++ $4 +4 4 »+ ++ _ - : 4+ G 12 — — * 
Shy. : 2225 - 4 +4 ++ l Y * — — — — 
11253 t tit unt Jühie⸗ TH 345-31 | Urn : == 
+ 


' 171 III 

| | : | Minn "> 

| {| e Wills Wale Wy tha, V 
— jw — — | Inf W "Wit WH, 1 


15 598 pt TH | 42243318; 
12 1111 21 . Atem: 
itt 1 


9318. CY 
21384111 ' ++ 
1, ü n, won Fl Hort 256 
15 Fi: Ht mT tt Mil Mitte f 1 11 wy Mi Hat f 1 0 
1 14 


* 11277 + + +4444 ++ 44 +44 . 
. „ 


i 

me 
Ih, 
i 


l 
| 


| 


oc 


0 
; | 
1M 
hi 


—  _—— — 
— —— — 
— — —— — 

— ———— ͤ —ö:ʃ3—eUa—]0 — 

— — — 


| 


IT IT 
11287 2224 


| 
| 


++ } 18 . . 225 — 
twist 1 may ' ITTTIS : # l . * 1 77 — 


— ran 
— — — 
14 4 14 1 4 $++- + ”— . ++ + +34 344 + 6 bt 1 +4: b+4 17 4 — 
1 — ++ ' : 4 £ ** 2357 


SRI 


222. 
222 
7 


1 


I 
S 
4 


811: 


+ 


2 —̃ — 


#1 3; | - TJ. Mynde fe 


a 


=, 


JJ 


dQ 


- © # 
222225 
22 2 = « . ( i i * * " 0 , ; = 1 
2222257 £ " WHIFIS FITTED line = 
CITIIDEICT = mn! @ | 
—— 8 — — 
222272 Z q 
n 22222 : — 
$444 +4 — 
3 27 2 — 2 
41 o — 
22222222 112 = 
4 5 — 
þ 5 = 
2 
- = 
12 = 
111 = 2 
no” CORTE — a 
1 = , : 
1 bal SJ 
= 
== 


$04 0000 LECTIETEIEEES. 
AIST TEC CIEIET ET 


ES „„ „„ SS 


LOG 


112 


- 


: 
' 


WOO VETOTUNMOTTTINYYH 


T! T 
M | (nail ii 


DS 


AQ 


0 6½%4Ä⁹ 5 


| ai 


"Q 


AALALAAAAAAALAZLASAAIAZES LAALLAALAAALALLALL LE ALLMALLAAAAAALAS 444k 


my . I 
+ 4 
3-34 
722 3 
+4 þ 4 
þ- ++ 4 
þ ++ > 4 
+44 = 1 
+ + þ 4 þ +++ 
> + 4 — 222 
er * — 38 
4 
TEEITE 
IT 4 22 Drinnen T 
* rn + S 
TELE : 2 1 
TELE T N : 
: 115 : LET tt OT nnn 
444901 — 
4 * +4 && ＋ +4 $34 
> $44 +4 +4 d 4 $4 +4 £4 44 
LT TT LET 
0 +4 
4 + + +4 4 $4 ** 
38 4 71 þ 4 
Þ++4 4-3 4 * N — A 
A 
„ OT LT TEL nnen 
111 ft ttt ttt 
22 „ . iT T SIDITIITE 
TITTY) . : N rr 
+$++*++ 4 »+ 
þ 4 + 4 
4+ ++ , 
> 4-4 4 + p.4 * + 1 + 
2324 . rr 4 
+4 : , + 
— 
22 
4 
Þ 4 
+4 
44 + 
+4 
4 
— 4+ 
4 ” 
4 
— 
++ 
: 
+3 
LAS 44.4 AALAALAE FEW = 44 1 & = 444 


©" 
- 
* 


Chap. " of Natural Philoſophy. 147 


V. 
Of the Refraction of Light, and it's Laws. 


DEFINITION TI. 


E VERY thing that gives a Paſſage to Light is calld a 2796, 
Medium. 


All pellucid Bodies, * a Vacuum, are Mediums. 


Whilſt a Ray of Light goes out of one Medium into another, 
it often turns out of it's Way. 


* 2014. 


DEFINITION 2. 

This Infleftion is call d Refraction. 

In order to produce Refrattion, the Medium muſt be of different 2977, 
Denſities, and the Ray make an oblique Angle with the Surface which 2 778. 
ſeparates the Mediums. 

Refraction ariſes from this, that the Rays are more attracted by 2779. 
denſe than by a rare Medium; from which Attraction, all that we 
have proved in the foregoing Chapter, relating to Refraction, is 
deduc'd. 

Let EF be the Separation of the Mediums; let the Medium be Pl. 89. F. 1. 
denſer, and rarer towards Z. All the Particles of Matter attract 
Light, *. Let the Diſtance, at which Particles exert their Action, * 2723. 
de that contained between theLines EF, and G H. Therefore the 


2780. 
Light, which comes between theſe Lines, will be attracted by the 5 
denſer Medium X; and indeed perpendicularly to the Surface, which 
ſeparates the Mediums; for the oblique Actions on every Side are 
ſimilar and equal, and jointly draw perpendicularly. 
At the Diſtance of the Line G , tlie extreme Particles of the 278 1. 


Medium X do only act upon the Light; at a leſs Diſtance, both 
theſe and other Particles act ſo as to increaſe the attractive Force, 
when the Diſtance is diminiſh'd, as has been obſerv'd before *. * 272 5. 
In the denſer Medium X, let the Line I L be at the fame Diſtance 

from EF as GH is in the Medium Z. Let the Light enter into 

the Medium X, and it will every Way be attracted by the Particles 

of the Medium, whoſe Diſtances from the Light are leſs than the 

Diſtance between EF and G H; for at that Diſtance the Light. is 
ſuppoſed to be attracted by the Particles of the Medium X. 


Ag: 
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As long as the Light is between the Lines EF and 1G, the at- 
tractive Force is the ſtrongeſt towards IL; becauſe there are more 
Particles that attract that Way: But as the Number of Particles, 
acting the contrary Way, does increaſe, that is, as the Diſtance 
from EF increaſes, the Force towards I L diminiſhes, till the Light 
be equally attracted every Way in that Line IL, which alſo is every 
where ſo in the Medium X beyond IL. 

2782. Suppoſe a Ray of Light Aa to fall obliquely upon the Surface 
| dividing the Mediums, or rather on the Surface G H, where the 
Action begins, by which the Light is driven towards the Medium 
X ; when the Ray comes to a, it is turned out of the right Line by 
the Force, wherewith it is driven towards it in a Direction perpendi- 
cular to it's Surface. And indeed the Ray of Light is bent out of 
the right Line in every Point, ſo long as it is between the Lines 
GH and IL, between which the ſaid Attraction acts; and fo the 
Ray deſcribes the Curve a þ between thoſe Lines, after the fame 
* 540. Way as has been ſaid Projectiles do * the Action, bending the Ray, 
| ceaſes beyond the Line IL; therefore it goes on afterwards in a 
right Line 5B, being the Tangent to the Curve in the Point 5. 
The Diſtance between the Lines GH and IL is but ſmall; 
2783. Therefore in Refraction we take no Notice of the bent Part of the 
Ray, which is confider'd as made up of two right Lines AC, CB, 
meeting in C, viz. In the Surface ſeparating the Mediums. 
Through C draw NCM perpendicular to the Surface EF. 


DEFINITION g 
2784 The Part AC of the ſaid Ray, is call d the incident Ray. 
* 116 7 The Angle ACN is the Angle of Incidence “. 


DEFINITION 4. 
2785. The Part CB of the Ray, is call'd the refracted Ray. 


DEFINITION 5. 
2786. The Angle BCM is call d the Angle of Refraction. | 
2787. In this Caſe when Light goes out of a rarer into a denſer Medium, 
the Angle of Refrattion is leſs than the Angle of Insidence ; for theſe 
Angles wou'd be equal, if the Ray A C ſhould have continued 
on it's ſtrait Way, along the Line CD. But the Ray CB comes 
nearer to the perpendicular CM]; and therefore the Refraction 15 
faid to be made towards the perpendicular, | 


ON 
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On the contrary, / the Ray goes out of a denſer Medium into à 2788. 
rarer, it will recede from the Perpendicular ; becauſe the denſer 
Medium attracts the Ray after the ſame Manner, whether it goes 
out of a rarer into a denſer, or out of a denſer into a rarer Me- 
dium. Therefore if B C be the Ray of Incidence, C A will be 
the refracted Ray, that is, let the Ray come from either Side, and 2789. 
it will move in the ſame Line. | 

Therefore if there be two Rays, and one comes out of a denſer into 2790. 
a rarer Medium, and the other out of a rarer into a denſer ; and the 
Angle of Refrattion of the one be equal to the Angle of Incidence of 
the other, the two Angles of Incidence and Refra&tion remaining will 
be equal to each other. 

Let X be a Medium terminated by the Parallel Surfaces EF, 2791. 
HL, by which Z is ſeparated from the fame Medium on both Pl. 89. F. 2. 
Sides; we ſuppoſe X to be denſer, it is no Matter if it be rarer. 

The Light enters along A C, is retracted along CB, and goes out 

along BG, NCM, P BO, being drawn perpendicular through C 

and B, the Angle MCB, CBO are equal * therefore, by Reaſon * 29.El.1. 
of Attraction on both Sides acting in the ſame Manner, the Angles 

ACN, PBG, are alſo equal, but the Angle MCB is the Angle 

of Refraction, and the Angle CBO is the Angle of Incidence in 

the ſecond Refraction; therefore the two other are equal. 

From whence it follows, that the Direction of the Ray is not 2792. 
changed, if it moves through a Medium terminated by two parallel : 
Surfaces : For as much as it is turned at it's Entrance towards one 
Side, ſo much exactly is it turned the other Way as it goes out of 
the ſaid Medium. It is manifeſt that the Rays A C, BG, which 
are equally inclin'd to the Parallels MN, OP, are alſo parallel. 

If a Ray falls perpendicularly upon the Surface ſeparating two Me- 92993. 
diums, it will not be turned out of a right Line by the Attraction of 
the denſer Medium; becauſe in that Caſe it acts in the Direction of 
the Ray. 


EXPERIMENT I. 


We faſten the ſmall Side-Board * to the Box, in which the 2794 
Helioſtate is inclos'd, in ſuch Manner that it may not quite cloſe Pl.89.F.3. 
the Aperture, to which it is applied + ; but it wants three Inches * 202. 

towards the Bottom, where there is left open a ſquare Hole, through + 2707. 
which Light is to be reflected horizontally *. But in order to * 26986. 
clude the extraneous Light, we apply a ſquare wooden Tube, about 
a Foot long, and the Light is directed through the Tube. 

V 01-11. 8 This 


* 2768. 
2797 


2798. 


2799. 
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This Tube is laid upon a ſmall Table, whoſe Height may be 


alter'd *. 


If the following Experiments are to be made without the He- 
lioſtate, the Light is let into a Place which is otherwiſe closq 
through a ſquare Hole of three Inches in the Window, and re- 


. fleted horizontally *. 


We make uſe of the long Box C A deſcribed above *; which 


we ſo diſpoſe, that the Light may enter in through the open End, 


and follow the length of the Box. The Light in it's Ingreſs is in- 


. tercepted by the Board T*, and only let through a Slit in it. 


When the Box is open towards the Sides, we put through it the 


Box P, which is terminated by Glaſs Planes * in a tranſverſe Poſi- 
. tion. Towards this are mov'd the fide moveable Boards of the 


firſt, which is thus clos'd as much as poſſible. 

Water is pour'd into the Box P to half it's Height, ſo that a 
Ray of Light paſſes partly through the Water, and partly above it. 
The Aperture of the Slit in the Board T muſt be fo terminated, 
that the Light may not fall upon the Bottom of the Box P, nor paſs 
above the Box &. 

Theſe Things being tlius order'd, and the Box being turned in 
ſuch a Manner, that a Ray may fall upon 46 perpendicular to it's 
Surface ; the Light will paſs through the Water in a right Line, as 
alſo through the upper Part of the Box, and neither in it's coming 


in, nor in it's going out, will it be turned out of it's Way, as was 


ſaid in N, 2793. 


EXPERIMENT 2. 


The ſame Things being ſuppos'd, let a Ray fall obliquely up- 
on the Surface of the Box ; the upper Part of the Ray will con- 
tinue it's Motion through c to d in a right Line; but the lower 
Part in the Water, will be bent towards e, approaching towards 
the Perpendicular : Which confirms Number 2787. 


EXPERIMENT 3. 

Things remaining as in the foregoing Experiments ; the Ray 
which at e, paſſes out of the Water into the Air along fe, is turn'd 
out of it's Way in receding from the Perpendicular ; and indeed in 
ſuch Manner, as to follow the fame Direction with the Ray falling 


upon the Water at e; for acd, e f are parallel, Which confirms 
Numbers 2788, 2789, 2792. 
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EXPERIMENT 4. 


Theſe Experiments anſwer in the ſame Manner, if inſtead of 2800. 
Water we make uſe of Glaſs, Then we uſe another Box AD *; Pl.89.F.4. 
the open End of which is clos'd by the Board T +, as in the fore- * 276 b. 
going Experiments. Part of the Light paſſes through the Glaſs + 2768. 
Cube C *, and Part paſſes above it; if we make the three laſt * 2767. 
Experiments this Way, the Event will be the ſame; but the Re- 
fraction is greater in Glaſs than in the Water. 

To make the Way of the Light along the Air ſenſible to us, we 2801. 
put Flower into a Bag made of fine Linen, and tie up the Mouth 
of it. This is ſhaken, that the Flower may be diſpers'd in that 
Place, along which the Light paſſes; which in paſſing along illu- 
minates ſtrongly the ſmall Particles of the Flower, which come 
in it's Way. 

In what has been ſaid hitherto, we have only conſider'd the At- 2802. 
traction of the more denſe Medium, becauſe this prevails; but 
the Action of the rarer Medium is not to be overlook'd, becauſe 
this diminiſhes the Action of the denſer Medium, which will be ſo 
much the leſs upon the Light, as the Mediums differ leſs from one 
another in Denſity. Therefore there it no Refraction, when the 
Denſities of the Mediums are equal; and it is the greater, the more 
theſe Denfittes differ from one another. 

The Laws of Refraction are deduc'd from the Acceleration, 2804. 
which the Attraction generates. 

The Attraction obtains between the Planes, repreſented by the 2805. 
Lines GH and IL, and no farther *. Pl.89.F.1, 


* 2700. 


2803. 


DEFINITION 7, 

For this Reaſon we call the Space, terminated by theſe Planes, the 2806. 
Space of Attraction. 

In the following Scholium we demonſtrate that, although the 2807, 
Action of a Body upon Light be directed perpendicular to the Sur- 
face, the Acceleration of Light, in it's Motion from a more rare 
into a denſer Medium, or the Retardation in a contrary Motion, 
is the ſame, in what Direction ſoever the Light be carried; the 
Acceleration, or Retardation, is indeed leſs in a more oblique Mo- 
tion, but it laſts longer, which makes a Compenſation. 
Therefore, there is a conſtant Ratio between the Velocities of Light 2808. 
% two given Mediums. This may indeed be demonſtrated, by ap- 
plying here, what was demonſtrated concerning the Deſcent of 
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2812. 
* 15. H. 1. 


* 34. El. 1. 
* 4. El. 6. 


2813. 


2814. 
Pl. 90. F. 1. 
2758.2759. 
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heavy Bodies in the firſt Book; but it is illuſtrated more in the ſaid 
Scholium, in which we alſo demonſtrate, that in every Inclination 
of the incident Ray there is a conſtant, and immutable Ratio between 
the Sines of the Angles of Incidence and Refraction; and that the(; 


Sines are inverſly, as the Celerities in thoſe Mediums. 

It the Mediums be Air and Water, the faid Sines are as 4 to 2, 
and the Celerities of Light in the Air are to it's Celerity in Water, 
as 3 to 4. But if, the Air remaining, the other Medium be 
Glaſs, the Sines are as 17 to 11 ; one Experiment will ſuffice to 
ſhew this with reſpect to all the Mediums. 

The Angle D CM, is equal to the Angle of Incidence A CN #*, 
and the Quadrant of the Circle F DM being deſcrib'd, the Sine of 
that Angle is Do; the Sine of the Angle of Refraction B CM i; 
TR ; the Ratio between theſe is conſtant. VDB being drawn 
parallel to CM, BS, which, with Do and RT, we ſuppoſe per- 
pendicular to C M, is equal to Do *; and the ſaid conſtant Ratio 
will take Place between BS and RT; as alſo, by Reaſon of the ſimi- 
lar Triangles BSC, T RC, between BC, and TC *, or DC; 
for theſe are Rays of the fame Circle ; but if we ſuppoſe the Circle 
deſcrib'd with the Center C, through the Point V, the Lines BC, 
DC, are the Co-ſecants of the Angles of Refraction and Incidence; 
which therefore are inverſiy as the Sines of the ſame Angles ; which 
is the known Property of Co-ſecants. | 


It is confirm'd by the following Experiment, that there is a con- 
ſtant Ratio between the ſaid Co-ſecants, 


 ExXPERIMENT 5 | 

We make uſe of the fame Box MI, that was us'd in the firſt 
Experiment; this, as in that Experiment, is half fill'd with Wa- 
ter; the Light is tranſmitted through the ſame Board, as was in 
the ſaid Experiment The Box is fo diſpos'd, that the Light may 
enter into 1t obliquely through the Glaſs Plate at the End of it; 
the Ray paſſes through this Plate in the Line 4%, the upper Part 
moves above the Water in a right Line along ac, and runs againſt 
the Side of the Box at c; the lower Part is refracted along 6 e, and 
ſtrikes againſt the ſame Side at e. Howſoever the Incidence of the 


Rays be alter'd, 2c is always to be, as 3 to 4, inverſly as the vines 


* 2811. 


of the Angles of Incidence and Refraction from Air into Water *. 
But theſe Lines ac, be, are Co-ſecants of the fame Angles. 
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SCHOLIUM. 
Demonſtrations of the Laws of Refra@ion. 


E have ſeen that the Attraction of Light only takes Place in it's 2815. 
Paſſage along the Space of Attraction“; therefore we muſt exa- * 2805. 
mine, what happens to Light in that Paſſage. 
The Direction of the Action of the Medium upon the Light is perpen- 2816. 
dicular to the Surface dividing the Mediums *; and therefore, in this Pl. 89. F. t. 
Caſe, to the Surface IL; and it is unequal at different Diſtances from this * 2780. 
Surface ; but at equal Diſtances it is equal; becauſe both Mediums are * 2781. 
ſuppos'd homogeneous, and every where ſimilar. 

The Motion of the Ray AC may be reſolv'd into two other Motions 2817. 
along AO and OC *, the firſt of which is parallel to the Surface EF, * 319. 
the ſecond is perpendicular to the ſame Surface ; the Celerities of whoſe 
Motions will be reſpectively proportional to theſe Lines AO and OC, 
whilſt AC repreſents the Celerity of the Ray itſelf “. * 

The Motion along the Direction AO is not alter'd by the Attraction, per- 2818. 
pendicular to the Surface J L, only the Motion along O C is accelerated. 

The Line AC being kept, namely the Celerity of the Ray itſelf, it's 2819. 
Inclination may be alter*d, whereby the Celerity along the Direction OC 
is alſo chang'd ; which Celerity is 8 if the Angle AaG be very 
ſmall. In which Caſe, if after the Ingreſs of the Light into the denſer 
Medium, it's Motion be reſolv'd into two in ſuch Manner, that the Di- 
rection of the one be perpendicular to the Surface IL, it's whole Cele- 
rity will be to be attributed to the Attraction often mention d. For in 
the Ingreſs into the Space of Attraction the Motion along this Direction 
is generated, which in the Paſſage along this Space, in which there is 
every where a new Action, acts upon the Light, in the ſame Direction, 
is continually accelerated. This Acceleration obtains in every Paſſage of 
the Light along the Space of Attraction, but is different according to 
the different Celerity, with which the Light comes perpendicularly to the 
Surface ſeparating the Mediums. 

If the Attraction were equable through the whole Breadth of the 2829. 
Space of Attraction, what relates to the Acceleration mention'd, as we Pl. 90. F. 2. 
have demonſtrated concerning the Acceleration of heavy Bodies *, might be # 373.1 
determin'd by Means of the Right-angled Triangle PQ R, in which the | 
Lines, parallel to the Baſe, repreſent the Celerities, whilft the Portions of the 
Area of the Triangle repreſent the Spaces run through. But we here ſpeak 

always of the ſame Space run through, namely the Breadth of the Space 
of Altraction, becauſe we only conſider the Motion perpendicular to the 
Surface ſeparating the Mediums ; therefore this Space run through is al- 
ways repreſented by equal Portions of the Area of the Triangle PQR. 
Let this Portion be P 4c, when the Light enters the Space of Attraction, 
in the faid perpendicular Direction, with the Velocity o; that is, 1 * 


2821. 


48. El. 1. 
2822. 


2823. 


Pl. 90. F. 3. 


* 2822. 
Plate 90. 


Fig. 3, 4. 


* 2822. 
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the incident Ray makes the ſmalleſt Angle with the Surface ſeparating the 
Mediums; de in this Caſe will repreſent the Celerity acquir'd by the At- 
traction, and with which the Light goes out of the Space of Attraction. 

If the Light enters the Space of Atttraction perpendicularly, with the 
Celerity repreſented by f g, it will go out of that Space with the Celerity 
hi, the Arches Pdc and fg 7 being put equal to one another, as appears 
from what has been ſaid. The Triangles Pdc, Pfg, Phi are fimilar . 
and therefore their Archs are in a duplicate Ratio to one another; that 
is, as the Squares of the homologous Sides de, fg, hi; but the Sum 
of the Areas Pdc, Pfg is equal to the Area P hz, (by Reaſon of the 
equal Areas Pd and fg i;) therefore alſo the Sum of the Squares of 
the Lines dc and fg is equal to the Square of the Line Hi; whence it 
follows that the Triangle, form'd by theſe three Lines, is rectangular, 
and that it's Hypotenule is 4; . Therefore 

In a Right-angled Triangle, one of whoſe Sides is the Celerity, with which 
the Light enters into the Space of Attraftion perpendicularly, and the other 
Side the Celerity acquir'd in running through this Space, when the Light enters 
into it with the Celerity o, the Hypotenuſe of the Triangle repreſents the Ce- 
lerity, with which the Light goes out of the Space of Attraftion perpendicu- 
larly at the oppoſite Part. Which obtains univerſally, howſoever the At- 
traction be alter*d in the Space of Attraction according to the different 
Diſtance from the Planes, by which this Space 1s terminated. To prove 
which, 

Let us ſuppoſe the Space of Attraction to be divided into two Parts 
either equal, or unequal, by a Plane parallel to the Surfaces, by which it 
is terminated. Let us further ſuppoſe that there is a different Attraction 
in theſe Parts, but that it is not different in the ſame Part. Theſe Parts 
are to be conſider'd as two different Spaces of Attraction. Let A be the 
Celerity, which the Light acquires in running through the firſt Part of 
the Space, when it enters into that Space with the Celerity o; let B be 
the Celerity, acquir'd in running through the ſecond Part of that Space, 
when the Light enters this Part in like Manner with the Celerity o. It 
muſt be obſerv*d that in this Demonſtration we every where conſider the 
Motion perpendicular to the Surface, ſeparating the Mediums. 

Let the Light enter the firſt Part of the ſaid Space with the Celerity o; 
it will come to the ſecond Part with the Celerity A ; if therefore the 
Right-angled Triangle ECD be form'd with the Sides A and B, the 
Hypotenuſe ED will repreſent the Celerity, with which the Light will 
go out of the Space of Attraction “. 

If the Light enters into the Space of Attraction with the Celerity 
FG, let the Right-angled Triangle HF G be form'd with the Sides FG 


and A; the Hypotenuſe H G will be the Celerity, with which the Light 


oes out of the firſt Part of the Space of Attraction *, and enters into 
the ſecond ; but by forming the Right-angled Triangle H G1, whoſe 


perpendicular is equal to the Line B, there is given the Hypotenuſe IG, 


* 2822. 


repreſenting the Celerity, with which the Light goes out of, and continues 
it's Motion after it has run through the whole Space of Attraction *. : 
ut 


hd £ — — — — + = 
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of the Right-angled Triangle NM L, whoſe Side ML is equal to FG, 
the Celerity with which the Light enters into the Space of Attraction, and 
whoſe other Side, LN, is equal to the Line E D, the Celerity, which 
the Light acquires, in running through the whole Breadth of the Space 
of Refattion, when it has enter'd into it with the Celerity ; which be- 
ing demonſtrated, it will appear that the Propoſition of Number 2822, 
obtains in this Caſe alſo, in which two different Forces of Attraction act. 
But it plainly appears from the Conſideration of Right-angled Triangles 
that the Lines IG and NM are equal. The Square of the Line NM is equal 
to the Squares of the Lines NL and LM, or FG: NL, is equal to the Line 
ED, whoſe Square is equal to the Squares of the Lines EC and CD, or 
the Lines A and B, which are equal to the Lines FH and HI: There- 
fore the Square of the Hypotenuſe NM is equal to the three Squares of 
the Lines FG, F H, and HI. To the ſame three Squares the Square of 
the Line GI is equal; for this is equal to the Squares of the Lines HI and 
HG ; which laſt is equal to the Squares of the Lines H F and FG. 
If the Space of Refraction be divided into ever ſo many Spaces, by 
Planes parallel to the Surfaces, by which this Space is terminated, and 
different Forces of Attraction obtain in different Parts, the ſame Demon- 
ſtration will take Place; and the Number of Diviſions may be increas'd 2825. 
at Pleaſure in inſinitum; which is the Caſe in the Refraction, which Light 
undergoes in paſſing out of any Medium whatever into another of diffe- 
rent Denſity * ; to which therefore the Rule of Number 2822, may be“ 2816. 
applied. | 
"Ins Z be the more rare Medium, X the denſer, and let them be ſe- 2826. 


parated by the Plane EF; let there be a Ray of Light AC, falling upon Pl. 90. F. g. 


the Surface E F obliquely ; let A C repreſent the Celerity of the Light in 
the Medium Z, and let this Line A C be conſtant; that is, let it remain, 
whatſoever the Inclination of the Ray ſhall be. Deſcribe a Circle with 
the Center C, and Semidiameter C A; let NCM be perpendicular to 
EF; draw from A the Perpendiculars AO to NC, and AQ to EF. 
Let the Motion along A C be conceiv'd to be reſolv'd into two others, 
one along A O, the other along AQ or OC *; the Line OC will re- * 319. 
preſent the Celerity of the Ray perpendicular to the Surface E F, which 
Celerity alone is increas'd from the Attraction of the Medium “. * 2818, 
Let CP be the Celerity, which the Light acquires in paſſing through the 
Space of Attraction of the Medium x perpendicularly, „ being ſuppos'd the 
Celerity of the Light in it's Ingreſs; the Hypotenuſe OP of the Right- angled 
Triangle PCO will be the Celerity of the Ray AC in the Medium X, 
in the Direction perpendicular to the Surface EF *; the Celerity of the * 22 5. 
Light in the Direction AO, or QC, parallel to the Surface EF is not 
alter d *. Therefore let CV be equal to AO, or QC, and WB per- * 2818. 
pendicular to E F, equal to the Hypotenuſe PO, and draw CB; the 
Motion along CB vill be the Motion compounded of the two, and this 
Line by it's Poſition determines the Direction, and by it's Length he 2827. 
1 Celerity, 
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But we muſt demonſtrate, that the Celerity JG is alſo the Hypotenuſe 2824. 
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Celerity, of the Light in the Medium X *; which Celerity is not altes ꝗ by 
the different Inclination of the Ray AC. For the Square of the Line CB̊ 
is equal to the Square of the Line BV, or PO, and the Square of the 
Line CV, or AO; but the Square of the Line P O is equalto the Squares 
of the Lines PC and CO; therefore the Square of the Line CB is equal 
to the three Squares of the Lines PC, CO, and AO; which two laſt 
if they be join'd, we ſhall have the Square of the Semidiameter AC, or 
CN ; that is, CB is equal to PN, whoſe Square is alſo equal to the 
Squares of the Lines PC and CN, and which is not alter'd when the 
Inclination of the Ray AC is chang'd. 

The Line CB cuts at T the Circle deſcrib'd with the Semidiameter 
CA; draw from the Points B and T, BS and TR perpendicular to 
CM: By Reaſon of the ſimilar Triangles CBS, CTR, BC will be to 
TC, or CA, as BS to TR ; which Lines therefore, by Reaſon of BC 
and C A being conſtant, will always be in the ſame Ratio, whatſoever 
the Angle of Incidence be. IT R 1s the Sine of the Angle of Refraction 
TCR, and BS, equal to CV, equal to AO, is the Sine of the Angle 
of Incidence ACO; between which Sines therefore there is a conſtant 
Ratio, as was ſaid.in N. 2809. 

We have hithertho conſider'd a Ray paſſing out of a rarer Medium 
into a denſer ; but the ſame conſtant Proportion of the Sines obtains in a 
contrary Motion of the Rays; the Angles ACN, MCB are not alter'd, 
whatſoever the incident Ray be, whether AC or BC *. In this Caſe if 
B C be the Celerity of the incident Ray, CA will be the Celerity of the 
refracted Ray; for the Motion of the Ray paſſing out of X into 2 
is retarded in the ſame Manner, from the Attraction towards the Medium 
X, as it is accelerated in the contrary Motion. 


CH AP. VL 
Of the different Action of different Bodies upon Light. 


E have ſeen that all the Particles of Bodies act upon Light; 
in the laſt Chapter we reaſon'd as if they all acted equally; 
when this obtains, what was faid, is always true, that the denſer 
Medium attracts Light more ſtrongly than the rarer; and that 
therefore the Refraction from the rarer Medium into the denſer is 
towards the Perpendicular * ; in this Caſe alſo the refracting Force 
follows the Ratio of the Denſity of the Body. We confider'd the 
Thing in this Manner, becauſe we thought it beſt to bring it to 
the greateſt Simplicity, at the firſt Examination. 
This indeed is the Caſe in many Bodies; in Air, Glaſs of An- 
timony, the Selenites, common Glaſs, Mountain Cryſtal, and 7 
I many 
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many other Bodies, the reſracting Force is ſenſbiy as the Denſity; 2832. 
but this 1s not a general Rule. 

But the Particles of ſeveral different Bodies act differently upon 2833. 
Light ; but they may be reduc'd to different Claſſes, in each of 
which the Rule mention'd * takes Place. * 283 1. 

Such a Claſs has been juſt mention'd *®. Un&uous Bodies make 2834. 
another Claſs, to which we reduce Camphire, Oil of Olives, Lin- * 2830. 
ſeed Oil, Spirit of Turpentine, and ſuch like Bodies. 

In all theſe the retracting Force of all the Particles is ſenſibly the 2835. 
ſame, and this very much exceeds the Force which obtains in the 
foregoing Claſs “. * 2830. 

Many Bodies conſiſt of Particles whoſe Action upon Light is 28246. 
intermediate, and which may be brought to intermediate Claſſes ; 
when the Refractions of many Bodies ſhall be determin'd. 

Sir Jaac Newton determin'd the Force, with which Particles 2837. 
act, in twenty two Bodies; and the Table, which he has given 
relating to them in his Opticks, might be extended to many other 
Bodies, if for all, one Experiment only concerning Refraction be 
made. But how the Force of the Particles is collected from the 
Experiments concerning Refraction, the Denſity being given, will 
be explain'd in the next Scholium. 

Hence it follows that all, that was ſaid concerning Refraction 28 38. 
in the laſt Chapter, may be applied to all the Claſſes; but this 
does not always obtain in the Paſſage of Light from a Body of one 
Claſs into a Body of another, as appears from the following Expe- 
riments. But how the Propoſitions are to be alter d to make them 
univerſal, I ſhall now ſay. 

All the Reaſoning, laid down in the laſt Chapter, is founded 2839. 
upon the Attraction of Light by Bodies; and we have demon- 
ſtrated that there is a Refraction, when the Attraction is greater 
on one Side, than on the other; whereſoever this obtains, the De- 
monſtrations take Place; but this obtains, as often as one of two 
Contingent Mediums acts more ſtrongly upon the Light than the 
other. Therefore the Demonſtrations will be general, if, what 2840. 
was ſaid of a denſer Medium, be applied in general to the Mediums 
whoſe Action upon Light is greater. 

But this Action is as the Force, with which all the Particles af, 284r. 
and as the Number of Particles acting together, that is, as the 
Number of Particles, contain'd in a certain Space ; which Number 


is as the Denſity of the Body, 
V'03. IL * * 
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For except we correct the Propoſitions thus, that were deliver d 
in the Jaſt Chapter, which, as they are commonly found in Optick 
Writers, we have alſo given, many of them will be falſe. 

For Light may undergo a Refrattion, in it's Paſſage out of one 
Medium into another, althcugh the Mediums do not differ in Denſi, 
which 1s contrary to Number 2778. 

In the Paſſage of Light, out of Alum into Vitriol, the Refrac- 
tion is towards the Perpendicular, the Sine of Incidence is to the 
Sine of Refraction, as 26 to 25; yet the Denfities are equal; but 
the Forces, with which the Particles of theſe Bodies act upon 
Light, are to one another as 20 to 23. 

Ligbt may paſs out of one Medium into another, in any Direc- 
tion whatever, without any Refraction, though the Mediums differ in 
Density; which does not agree with N. 2779. 


EXPERIMENT 1. 


We pour Oil of Olives into a Glaſs; if this be cylindrical or 
conical, the Figures of the Objects, ſeen through the Oil, appear 
alter'd, but they are diſtinct. Moreover we make uſe of a Piece 
of Borax, very tranſparent, but whoſe Figure is ſo irregular, and 
it's Surface ſo unequal, that the Objects will not appear through 
the Borax, without being very much confus'd, ſo that they cannot 
be known ; or rather, that we may perceive nothing beſides the 
Light, which enters into the Eyes irregularly. 

When we immerge this Piece of Borax in the Oil, we perceive 
Objects in the fame Manner through the Oil and Borax, as through 
the Oil alone; the Borax becomes in a Manner inviſible, and if 
Ne be any thing in the Borax, we perceive it, as if it were in 
the Oil. 

Therefore the Light paſſes in a right Line from the Oil of Olives 
into the Borax, and from the Borax into the Oil; and there is no 
Refraction here, although the Denſity of the Oil is to the Denſity 
of the Borax as 6 to 11; but the Actions are in this inverſe Ratio, 
with which all the Particles act upon the Light, and there is a Com- 
penſation made *. 

Light often in it's Paſſage out of a more denſe Medium into a rarer 
n & 64-3 towards the Perpendicular, Which is contrary to Num- 

er 2787, 
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EXPERIMENT 2. 


We make uſe of the Glaſs Box M I *®, which has been often 
us'd; into this we put the ſmaller Glaſs Box P (Fig. 7.) whoſe 


the Conſtruction of the greater Box before explain'd +. 
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2848. 
Pl. go. 
Bottom is of Braſs, and whoſe Conſtruction is not different from Fig. 6, 7. 
®. 2758. 2759. 


Inſtead of this ſmaller Box we may uſe a polygonous Phial whoſe T 2759- 


upper Part is cut, as 1s repreſented at O (Fig. 7.) But in this Caſe, 
that we may avoid the irregular Reflections of the Light, as much 
as poſſible, the external Surfaces of the Bottom, and Sides, muſt 
be made rough by rubbing on them coarſe Sand, that they may re- 
ceive a black Colour. We only leave the two greater, and oppo- 
ſite Sides m and 7 untouch'd, through which the Light mult pals. 

This Box has this Inconveniency, that the Light can never paſs 
through the Sides of the Box quite regularly ; becauſe the inner 
Surfaces are never entirely plane; which Inconveniency is never- 
theleſs ſcarce ſenſible when Spirit of Turpentine 1s pour'd in, whoſe 
refracting Force is very great. 

Water is pour'd into the Box I M to any Height; Spirit of 
. Turpentine is pour'd into the Box P to the ſame Height. 


2849. 


28 50. 


The Light is tranſmitted through the Board *, which was made * 2768. 


uſe of in the Experiments of the laſt Chapter ; the Light is let into 
the larger Box at a þ through the End ML, perpendicularly to the 
Surface ; the Light enters into the Box P, which 1s ſet obliquely at 
cd; cd is in the Side g of the ſmaller Box, a little diſtant from the 
End, and the Light enters into the Oil very obliquely ; it is re- 
fracted at ef, approaching towards the Perpendicular. We have 
not repreſented the Ray going out of the Box P, to avoid Confuſion, 

The Denſity of Water is to the Denſity of Spirit of Turpentine, 
as 8 to 7. The Sine of Incidence in Water is to the Sine of Re- 
fraction in the Spirit, as 11 to 10. Laſtly the Force, with which 
the Particles of Water act, is to the Force of the Particles of the 
Spirit of Turpentine, as 3 to 5. 

When we compare the Forces, with which all the Particles of 
Bodies act, we conſider ſuch Particles, as contain equal Quantities 
of Matter ; but we don't mean the ſmalleſt Particles, into which 


Bodies may be reſolv'd; for who can determine whether all theſe 


are equal or not; and whether the Action upon Light may not be 
varied, from the Diſpoſition of the ſmalleſt Particles among Particles 
of a ſuperior Order ? I 


2 We 


2851. 
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140 


28 53. 


28 54. 


* 2841. 


2855. 


* 2854. 


* 2780. 
2856. 


28 57. 


* 2811. 
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We alſo meaſure the Forces of all the Particles, by conſidering 
their whole Action upon Light, whilſt it paſſcs through the Space 
of Attraction; that is, we compare the whole Effects of the Attrac- 
tion, and reaſon as 1, all the Spaces of Attraction were equal, which 
perhaps is not true; but this does not alter the Concluſions, which 
may be of uſe in explaining Phenomena. 

When Light paſſes out of one Body into another, the Difference if 
the Forces only is to be confider'd ; but we ſpeak of the whole Forces 
of Bodies, which we have by multiplying the Denſities by the 
Forces of all the Particles *. In this Caſe a ſmaller Action, acting 
contrary to a greater, diminiſhes it. 

When Light paſſes through different Mediums, terminated by pa- 
rallel Planes, the Direction in the laſt Medium is the ſame, as if the 
Light had paſs'd out of the firſt Medium immediately into the laſt. 
For in each Caſe the whole bending Force is the ſame. The Dif- 
ference between the Force of Air and the Force of Water, is to 
the Difference between the Force of Air and the Force of Glaſs, 
nearly as 14 to 25. If the Light paſſes immediately out of Air 
into Glaſs the bending Force will be equal to 25; but if the Light 
paſſes out of Air, through Water, into Glaſs, two Actions act ſuc- 
ceſſively, the firſt of which is equal to 14 ; the ſecond is equal to 
the Difference between the Actions of the Water and Glaſs *, 
which is 11; and the Actions together are alſo equal to 25. If 
the Number of the Mediums put between be greater, the Demon- 
{tration is the ſame ; all the Differences of the intermediate Actions 
together are equal to the Difference of the Actions of the extreme 
Mediums. We ſuppoſe the Mediums to be terminated by parallel 
Planes, that all the Directions of the Actions may agree “. 

From hence we conclude that the Refraction out of one Me- 
dium into another may be determin'd, though there be no Experi- 
ments concerning ſuch a Paſſage ; which will be ſufficiently illuſ- 
trated by one Example only. 


Let us ſuppoſe the Sine of Incidence to be to the Sine of Re- 


fraction out of Air into Water, as 4 to 3: And that theſe Sines 


out of Air into Glaſs are, as 17 to 11, as has been obſerv'd be- 
fore &; I want to know the Ratio between theſe Sines, when the 
Light paſſes out of Water into Glaſs. If the Light ſhou'd pals 
out of Air into Glaſs through Water, the Sine of the firſt Incidence 
wou'd be to the Sine of the ſecond Refraction, in the Ratio of 17 
to 11. We ought to take away from this the firſt Refraction, in 


which the Ratio of the Sign is, as 4 to 3. By multiplying the 


Antecedents 
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Antecedents and Conſequents we join the Ratios, which take Place 
together; after the ſame Manner by Diviſion we ſeparate the Ra- 
tios, when one is to be taken from the other; therefore the Ratio 
ſought is that, which is given between 2, , that is, the Sines, 


of which we are ſpeaking, are to one another, as 51 to 44. For 
this Ratio is requir'd, that the whole Inflection may be the ſame 
with that, which takes Place, when the Light goes immediately 
out of the Air into the Glaſs. 


SCHOLIUM. 


E faid that from the Experiments concerning Refraction the Pro- 2g 8. 

portions of Forces were determin'd, with which the Particles of f 
Bodies act upon Light * : I ſhall now ſhew how this is done; but firſt I * 
ſhall ſpeak of the Forces of the Bodies themſelves, and then of the Forces. 
of all the Particles. 

When we treat of the whole Forces of Bodies, the Light, which 2859. 
paſſes out of empty Space into Bodies, muſt be conſider'd ; for if Light 
paſſes from one Body into another, we can only diſcover the Dif- 
terence of the Forces of thoſe Bodies “; but all Caſes may be reſolv'd by * 284. 
the ſame Rule. 

We have already ſaid that it was unknown to us, whether all the Spaces 
of Attraction be equal or not *; we muſt moreover add, that it is alſo * 
unknown to us, whether the Action, which is different at different Di- 
ſtances from the Surface of the Body, be alter*d according to the ſame 
Laws, in the Spaces of Attraction of all Bodies. But as the whole Ef- 
fects alone, that is, the Alterations only, which obtain in the Paſſage 
through the Space of Attraction, are diſcover'd by us, we may reaſon, 
as if the fame Laws obtain'd every where; in the ſame Manner as we 
luppos'd the Breadths of the ſaid Spaces equal. But if the ſame Laws 25 3. 
take Place, he Forces are to one another, as tho wou'd be, if they atted 2560. 
uniformly ihrough the whole S, aces, and we ought to Reaſon concerning 
theſe Forces as of any accelerating Forces whatever, which increaſe their 
Celerities uniformly, and act through equal Spaces. | 

Let us ſuppoſe two Bodies, one of which deſcends vertically through 2861. 
AB, the os rolling down the inclin'd Plane AD; both theſe Bodies Pl. go. F. 8. 
are accelerated equably ; but they are driven with uncqual Forces, 

Let us ſuppoſe one to have come to B,. and to be carried with the Ve- 
locity acquir'd in falling through A B, and to be accelerated in deſcending, 
beyond BC; we ſuppoſe the ſecond Body to have come to D, and to 
be carried with the Velocity, acquir'd in running through AD, and to be 
accelerated in deſcending beyond DE, equal to BC. From the given: 

Velocities the Forces are ſought. 

Draw Dd, Ee, horizontal; the accelerating Forces will be as AD to * 347. 

Ad, or AE to Ae “; that is, as DE or BC, to de r. The 3 * f 17,18. El. 5, 
and d, 


2827. 


2853; 


* 390. 
* 374- 
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D and d, as alſo at E and e, are equal“; therefore the four given Velo. 
cities, are thoſe, which the Body would acquire in falling through AB 
AC, Ad and Ae; and in this Ratio are the Squares of theſe V. cities ” 
Therefore BC, is to de, that is, the Force, that accelerates the 5:{ Body, 
is to the Force, acting upon the ſecond, as the Difference of the Squares 
of the Velocities of the firſt Body to the Difference of the Squares of the 
Velocities of the ſecond Body. 

It we apply this to Light, we have this general Rule; The Force that 
accelerates Light, whilſt it paſſes from one Medium into anothcr, is so the 
Force, which takes Place in another Paſſage, a: the Difference of the Snares 
of the Velocities before and after the Ingreſ, in the firſs Motion, to the 'ih; 
Difference in the ſecond. 

We have ſeen above that the Velocitics of Light in Air and Water arc 
to one another, as 3 to 4 ; the Velocitics of Light in Air and Glaſs, as 
11to17 *. The Sine of the Incidence is to the Sine of Refraction in the 
Motion from Air into Spirit of Turpentine as 25 to 17; and therefore 
the Velocities in theſe Bodies are as 17 to 25 *. From hence we deduce 
that the Velocities of Light in Air, Water, Glaſs, and Spirit of Turpentine, 
are to one another as 1000, 1333, 1547, 1470. The Velocity of Light 
in Air differs little from the Velocity in Vacuo, and unleſs we uſe greater 
Numbers, the Difference can't be expreſs'd; therefore we ſuppoſe the 
Velocity of Light in Vacuo to be 1000 alſo. 

Now if any one ſeeks the Ratio between the whole Force of the Glaſs 
and the Action, which acts upon the Light, when this paſſes out of Wa- 
ter into Spirit of Turpentine, this Ratio 1s that, which is given between 
the Difference of the Squares of the Numbers 1547 and 1000, to the 
Difference of the Squares of the Numbers 1470 and 1333 *; which Dit- 
ferences are as 1388 to 338. | 

The Forces of Bodies being given, the Forces of the Particles are ea- 
ſily diſcover'd; for as thoſe are in a Ratio compounded of theſe laſt Ra- 
tios and the Denſities, it is manifeſt, that zhe ſaid Forces of the Bodies 
muſt be divid-d by the Denſities, that the Quotient of the Diviſions may expreſs 
the Forces of the Particles. 

From the Squares of the Velocities of Light in Water, Spirit of Tur- 
pentine, and Glaſs, I ſubſtract the Square of the Velocity in Vacuo, and 
the Differences are as 778, 1163, 1388, which expreſs the Forces of the 
Bodies “; theſe being divided by the Denſities of thoſe Bodics, which 
are as 40, 35, 103, We have the Forces of the Particles as 195, 333, 135. 

The Force, that accelerates Light in it's Paſſage out of a leſs retracting 
Medium into a more refracting one, retards the Motion in the contrary 
Paſſage * ; whence it follows, that what is demonſtrated in this Scholium 
concerning the Acceleration of Light, may be applied to the Retardation 
of it, mutatis mutandis, when the Light paſſes out of a more retracting 
Medium, into a leſs refracting one, 
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r. VI 


Of the Refraction of Light, when the Mediums are 
ſeparated by a plane Surface. 


HE Surfaces, that ſeparate the Mediums, may be varied in 
infinitum ; we ſhall only examine thoſe that are plane and 
ſpherical, In the Rays alſo there may be Variations in infinitum; 
we ſhall only conſider thoſe Rays, which proceed from one Point, 
or tend to one Point, or are parallel. All theſe Things being con- 
ſider d, we ſhall be able to explain the chief Phenomena of Light. 


DEFINITION I. 


The Rays proceeding from one Point, or which are mov'd, as if 
they proceeded from one Point, are call'd diverging Rays. 
Such Rays are continually diſpers'd more and more, 


DEFINITION 2. 
The Point, from which the diverging Rays proceed, is call d the 
radiant Point, or fimply the Radiant. | 
The Rays ſometimes move by Reflection, or Refraction, as if 
they proceeded from a Point, though they do not proceed from it, 


which we ſaid were call'd diverging Rays alſo *. In this Caſe, * 2868. 


DEFINITION 3. 


The Point, from which the diverging Rays ſeem to come, is call d 
the Point of Diſperſion of ſuch Rays. 


DEFINITION 4. 


Thoſe Rays are more diverging, that make a greater Angle. 

The more diverging the Rays are, the Diſtance between them being 
fuppos'd the ſame, the leſs diſtant is the radiant Point, or the Point 
of Diſperſion, and the contrary. 


DEFINITION 5 and 6. 


The Rays that meet in one Point, or wou'd meet if continued, are 


call d converging Rays; and thoſe are more converging, that make a 
greater Angle. 
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DEFINITION 7. 
The Point of Concourſe of converging Rays is call d the Focus, 


DEFINITION 8. 


The Point in which the Rays, that converge, and are intercepted 
or bent before their Concourſe, wou'd meet if continued, is call'd the 
imaginary Focus of theſe Rays. | 

The more Rays converge, ſuppoſing the Diſtance between them to be 
the ſame, at the leſs Diſtance is the Focus, whether the true or ima- 


ginary one. 


2878. 


2879. 


We only conſider thoſe diverging, or converging Rays, that are 
a little diſpers d, that is, which, in their Paſſage from one Medium 


into another, take up a imall Space in the Surface that ſeparates the 
Mediums, 


DEFINITION 9 and 10. 


If among theſe Rays there be one Perpendicular to the ſaid Surface, 
the Rays are ſaid to be direct; in every other Caſe they are ſaid to be 
oblique. 

H parallel Rays paſs out of any Medium whatever into another of 
a different Refrangibility, theſe being ſeparated by a plane Surface, 
after the Refrattion they are parallel alſo : Becauſe they are all 


equally bent. 


2880, 
2794 2795. 
＋ 2709. 
2758. 2749. 
Þ 2796. 2767. 


2081. 
Pl.g1.F. 1. 


EXPERIMENT I. 


In this Experiment, as in all of this Chapter, we let the Light 
into a dark Place, as has been before explain'd *# We intercept 
the Rays with the Board +, and only tranſmit ſome of them 
through an horizontal Slit, which is determin'd at Pleaſure. We 
make uſe of the Box terminated by Glaſs Planes *, and diſpos'd 
as in the firſt Experiment of the fifth Chapter + ; or we make ule 
of the Glaſs ſolid *, diſpos'd as in the fourth Experiment of the 
ſame Chapter. Howſoever the Rays enter the Water or Glaſs, or 
go out of theſe Bodies, if they all paſs through the ſame Surface, 
they remain parallel. nts 

Let there be the Mediums X and Z, this the leſs, that the more 
refracting, ſeparated by the Plane ES; let the diverging Rays 
RC, Rb, Ra, proceed from the Point R, and enter the more 
refracting Medium: Among theſe let RC be perpendicular to the 

| 2 


Surface 
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Surface ES; this is not turn'd out of it's Way *, and it continues * 279z. 
it's Motion along CG. The Rays Rb, Ra, undergo a Refraction 

towards the Perpendiculars, which we ſuppoſe drawn to the Sur- 

face ES in the Points & and 9. | 

We eaſily determine the Refraction of any ſuch incident Ray, 2882. 
Let RM be a Ray proceeding from R; ORC the Perpendicular, 
through R, to the Surface ſeparating the Mediums ; take M O, 
and let it be to MR, as the Sine of Incidence to the Sine of Re- 
fraction; that is, as the Co-ſecant of Refraction to the Co-ſecant 
of Incidence . By this being applied from the Point M, in the“ 2813. 
Angle M CR, the Point O is determin'd ; from which the Line | 
M N muſt be drawn through M, and this will co-incide with the 
retracted Ray. 

Y MV being drawn perpendicular to ES, at M, the Angle of 2883. 
Incidence is VMR; the Angle of Refraction is Y MN, to which 
VMO is equal *. If we ſuppoſe a Circle deſcrib'd with the * 1 5. El. 1. 
Center M, and Semidiameter M C, the Lines M O, MR, will be 
Co-ſecants of the Angles of Refraction and Incidence; whence it 
appears that the refracted Ray MN was well determin'd. 

But if the diverging Rays be direct, and a little diſpers'd, ſuch 2884. 
as we have ſhewn the Rays RC, Rb, Ra, to be, we reaſon in 
the ſame Manner; Ra, ra, being ſuppos'd to be in the ſaid Ratio 
of the Co-ſecants, a A will be the refracted Ray; but as Ca is 
ſmall, the Rays Ra, RC, do not differ as to Senſe, neither do 
ra, rC; therefore RC, C, are alſo in the fame conſtant Ratio 
of the Co-ſecants, wherefore the Ray R, as alſo the reſt a little 
diſpers'd, are refracted as if they proceeded from the ſame Point 2, 
and 7 1s the Point of Diſperſion of the refracted Rays. 

And in this Caſe, in which the Rays paſs from a leſs refradling 2885. 
Medium into a more refracting one, the diverging Rays become leſs 
diverging * ; and the Diſtance of the Radiant from the Surface is“ 2872. 
to the Diſtance of the Point of Diſperſion, as the Sine of Refrac- 
tion to the Sine of Incidence. 


EXPERIMENT 2. 


We cloſe the open End of the Box A D * with the Board T +. 2886. 
The Rays, which paſs through the Glaſs V are converging, they Pl. 191. 
mutually interſe& one another at R, and become diverging. We Fig. 2. 
don't enquire here, how the Glaſs produces this Effect, we ſhall * 2765. 
ſpeak of this Motion of Light in it's proper Place ; it is ſufficient ＋ 2770. 
that there are diverging Rays, that we may demonſtrate the Ex- 
periment. 
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We let theſe diverging Rays enter directly into the Glaſs ſolid 
* 2767. C*, and we immediately perceive the Rays to move in the Cube 
as if they proceeded from a more diſtant Point. 
2887. We reaſon about converging Rays in the ſame Manner. Let 
pl 91. F. 1. PQ be a Ray, which, ſuppoſing the fame Medium Z and X, is 
directed towards a given Point /; T D H being drawn through /f, 
perpendicular to the Surface ſeparating the Mediums, if QI be to 
Q as the Co-ſecant of Refraction to the Co- ſecant of Incidence, 
Q will be the refracted Ray, as follows from what is demon- 
* 2883. ſtrated before . 

2888. If the Rays be direct, a little diſpers' d, and converging, and paſs 
into a more refracting Medium, they become teſs converging. The 
Rays, among which HD, as Iz, LI, which are directed to the 
imaginary Focus /, meet at the true Focus F, at a greater Diſtance; 

* 2884. Which appears, if we reaſon as about diverging Rays &. 


EXPERIMENT z. 


2889. This Experiment is made as the foregoing ; the Situation of the 
Pl. 91. F. z. Glaſs Cube C is alter'd, and the Glaſs of the Board is rais'd in ſuch 
* 2-71, Manner &, that the Rays may paſs over the Cube; theſe meet at 

5, and this Point of Concourſe remains at the ſame Diſtance from 
the Board, whether the Glaſs be rais'd or depreſs'd. 

But this being depreſs'd in ſuch Manner, that the converging 
Rays may enter into the Cube, the Concourſe is immediately re- 
mov'd as far as F. | 

2890. The Rays are mov'd along the fame Lines, from what Part 
* 2789. ſoever they proceed *; therefore from the Demonſtrations con- 
cerning Motion, out of a leſs refracting Medium into a more re- 
fracting one, we deduce what relates to contrary Motion. 

The diverging Rays in a more refratting Medium X, proceeding 
Pl. 91. F. 1. from a Point F, are mov'd, in à leſs refracting Medium Z, as if 
22892. they procceded from /, that is, they become more diverging ; the 


converging Rays, which tend to r, meet at R, and become more 
conderging. 


2891. 


EXPERIMENT 4. 


2893. All Things being order'd as in the two laſt Experiments; the 
Pl. 91. F. 4. Glaſs Cube C is fo plac'd, that the radiant Point R, which the Rays 
F paſſing through the Glaſs of the Board 'T make, may be in the 
Surface of the Cube ; then the diverging Rays paſs through the 
Cube, and entering the Air are diſpers'd more. 
EXP E- 
2 
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EXPERIMENT ;. 


All Things remaining, as in the foregoing Experiment, move 2894. 
the Cube C to the Board T in ſuch Manner, that the converging Pl. 91 F. o 
Rays may paſs through the whole Cube ; they then become more 
converging in the Air, and meet at! F, at a ſmaller Diſtance than 
if they had continued their Motion, as they move in the Glaſs. 

If the Rays, although direct, be too much diſperſed, what we 2895. 
ſaid of the Points of Diſperſion, or the Focuſſes, cannot be applied 
to the Points; but a ſmall Space is conceiv'd, through which the 
Rays paſs, which is the greater, the more the Rays are diſpers'd. 

What relates to oblique diverging Rays, or converging, is more 2896. 
difficult; therefore we ſhall only mention it, and demonſtrate it in 
the following Scholium. 

Let B E be the Separation of the Mediums Z and X, that of the 289). 
leſs, this of the more retracting one. We ſuppoſe the Plane of the Pl. 9 1. F. 6. 
Figure to be perpendicular to the Surface BE, as it always is, when 
the Surface is repreſented by a Line. 

Let us ſuppoſe Rays, a little diſpers'd, to proceed from A; and 
among theſe A B to be given; and that therefore they paſs obliquely 
out of Z into X; CA E being drawn perpendicular to BE, through 
A, let the Point D be ſought, through which the refracted Ray BI 


would paſs, if continued downwards *; the Point of Diſperſion of * :882.2837. 


the refracted Rays will be in this Line at F, which Point is determin'd 
by the following Conſtruction. 
We draw EH, EL perpendicular to AB and DB, from E; 2898. 
through H, where the Perpendicular to the incident Ray cuts it, 
we draw H N parallel to AE, cutting the other Perpendicular at 
N ; the Points N and D being join'd, we draw L C parallel to N D, 
which meets DE continued at C; CF being drawn parallel to BE, 
the Point ſought F will be given in the Concourſe of this Line with 
the Line BD, it being produc'd as much as is neceſſary. 
We ſhall demonſtrate in the following Scholium, that the neigh- 28 


bouring Rays AB, Ab, are refracted along BI, bi, as if they pro- Pl. 'E * 


ceeded from F; but the Demonſtration only regards the Plane of 
the Figure. But we ſuppoſe Rays proceeding from A to be ſo du - 
pers'd, as that they may make a Cone or Pyramid. Now it we 
conceive another Plane, that paſſes through the Line C A D, and 
makes a ſmall Angle with the Plane of the Figure, this Plane will 
paſs through the ſaid Cone or Pyramid; that is, ſome of the Rays, 


proceeding from A, will be in this Plane; for theſe, a Point as F, 
U 2 Will 
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2900. 
* 2885.2838. 
2891.2892. 


refracted Ray, whether this be the refracted Ray itſelf, or only a 


2901. 


2902. 
* 2895. 


2903. 
Fig. 6. 


2904. 


is fix'd. But there is no Reaſon why we ſhould chuſe a ſmall 
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will be determin'd in the laſt Plane by help of the fame Point C; 
and all the Points as F, which are found for the whole Cone or 
Pyramid, make a ſmall Portion of the Circumference of a Circle, 
whoſe Center is C, and which is parallel to the Surface EB; and 
this ſmall Portion of the Circumference may be look'd upon as a 
ſmall right Line, perpendicular to the Plane of the Figure. 

Where we ſpoke of direct Rays, we conſider'd four Caſes &; we 
have now applied one of theſe to oblique Rays only ; but the De- 
monſtrations may be applied to all Caſes. What was faid of the 
Rays AB and DB, belongs to any incident Ray whatever with it's 


Continuation of it, as in the preſent Example; alſo it matters not, 
whether the Angle of Incidence exceeds the Angle of Refraction, 
or the contrary, the ſame Conſtruction may take place, and the 
other Demonſtrations obtain in the ſame manner. 

Therefore in General we infer, that ob/zque Rays, whether diverg- 
ing or converging, that paſs out of one Medium into another, theſe 
being ſeparated by a plane Surface, do not move after Reſraction as if 
they proceeded from a Point, nor as if they tended towaras one Point; 
that is, that there is no Point of Diſperfion, or Focus of the oblique 
Rays ; how little ſoever the Rays are diſpers d. 

In theſe Caſes, as was faid of direct Rays too much diſpers'd *, 
for the Point of Diſperſion, or Focus, we have a ſmall Space, 
through which all the Rays paſs; but we muſt determine where 
this ought to be plac'd. As at F the Rays paſs through the ſmall 
Line, ſo alſo at D, and between theſe Points is the Place ſought. 

If this Line be cut by a plane Perpendicular to DF, the ſmall 
Space, of which we are ſpeaking here, will in this Plane have the 
Figure of a Rectangle, whoſe Sides will have a different Ratio to 
one another, according to the different Place, in which this Plane 


Space whoſe Height exceeds it's Length, than the contrary; 
therefore this Plane muft be conceiv'd in that Place, in which 
the Space is a Square, and we ſhall have this Place for the Point 
of Diſperſion, or Focus of the Rays: This Place is different 
according to the different Diſperſion of the Rays, proceeding 
from A. 

Let us ſuppoſe the Rays proceeding from A, to make a right 
Cone; take BP equal to EH, and EQ equal to EL; draw QC 
and PD, which laſt, continued, cuts FC at 8. Through D draw 
a parallel toBE; and from the Point T, in which that cuts as 

another 
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another Line TS muſt be drawn; and this will cut DF in the Point 


ought V. | | 

: But if the diverging Rays make an oblique Cone, whoſe Baſe is 290 ;. 
in the Surface itſelf that divided the Mediums, which obtains, when 

the Rays are intercepted in the Surface, and there only go through a 

leſs, circular Hole. The Point ſought is in the mutual Section of 

the Lines BF and QC, all which is demonſtrated in the following 


Scholium. 


"- 


SCHOLIUM. 
The Demonſtrations concerning the Refrattion of oblique Rays. 


E ſaid that the neighbouring Rays AB, A5, refracted along BI, 2906. 


monſtrate that the Point F was well determin'd *. * 2898. 
With the Center F, at the Diſtances FD, F B, are deſcrib'd the Arches 
Dr, Bg; becauſe theſe are ſmall, they may be looked upon as right 
Lines perpendicular to FS. In the ſame Manner the Arch Bo, decrib'd 
with the Center A, at the Diſtance AB, may be look'd upon as a right 
Line perpendicular to A #. 
The Line N 14 muſt be continued as far as M. From the Similitude 
of the Triangles we dediuc- tl Proportions “; but we have the ſimilar * 4. El. 6. 
Triangics DBE, EBU, LECT, «Dr, Bbg; ABE, EB H, Bbo, are+g.El 6. 
alſo ſimilar; and alſo BAD, HIM, and laſtly FBg, FDr. 
From what is dernonſtrated concerning Refraction * it follows, * 2883. 
AB : SD :::A# ©. #6 
By Altern. and Inverſ. A: AB:: 6d : BD. 
By Diviſion and Alternation, AC — AB = bo : d- BD = bg + 
ar +: AB:; BD :: BH: IN 
By Compariſon of the Triangles we have, bg, Bi, bo, and BL, EB, 
BH, in ordinate Proportion 


Therefore by Equality 0 o# 2-80 +: BL i BH; 922. H. 5. 
But we had r 
Therefore again b uality, bg : bg ＋ Ar: : BL: BM; 
By Inverſ. Sd Die? Y dr : 6 8hs BM —BL= LM: BL. 
Therefore Dr, dr, bg, LM, BL, EL, are in perturbate Proportion; 
tor Dh. 0-6. 
And by Equality perturb. Dr: g:: LM: EL“. | * 23. El. g. 


The Triangles alſo give (g: Bg : : EL: LD; 
Therefore by Equality Dr: Bg :: LM: LD :: LN: LE; 
In which ſame Ratio are FD, FB; becauſe Dr: Bg :: FD: FB. 
But in the ſixth Figure we have this very Ratio; for 
LN: LE :> CD: CE:i: FD: FD 3 
and 1t 15 manifeſt that the Point F was well determin'd, a 


51, would meet at F, if continued downwards; we muſt now de- Pl. g1. F. 7. 
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* 2899. 


2904. 2903. 


2909. 
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If we conceive the Plane of the Figure to turn about the Axis CE, the 
Rays AB, Aò will make Cones, which will have the ſame Axis AE, all 
the Rays, which proceeding from A, paſs between the ſaid conical Sur. 
faces, which are refracted, being continued backwards, tend through D4 
to Points as F, which all together make a Circle; which the Point F has 
deſcrib'd, in the ſaid Revolution of the Plane. 

Now when the Rays proceeding from A are diſpers'd a little, they ma 
all be conſider'd, as if they were of thoſe, which are thus contain'd be. 
F_ the ſaid Surfaces, whence follows what has been demonſtrated 
above *. .* 

We may conceive the Cone, which the Rays a little diſpers'd make, 
plac'd in ſuch Manner, that it may be beneath the Plane of the Figure, 
and may touch it; then the ſmall Line at F, through which the Rays 
paſs *, is all above the Plane; and all the Rays between D and F mak: 


a Pyramid whoſe Baſe is DdF, and Vertex the upper Point of the ſmal| 
Line at F. 


The Triangle Dr4 is infinitely ſmall in reſpe& of FDd; therefore, in. 


ſtead of the ſaid Baſe we may have the Triangle FDr. Now to demon- 
ſtrate what was ſaid of determining the Point, which is had for the 
Point of Diſperſion, or Focus *, we muſt determine the Ratio, which is 
given between Dr and the ſmall Line, which determines the Height of 
the Pyramid, which we ſhall call 4. | 
Let us firſt ſuppoſe the diverging Rays to make a right Cone, whoſe 
Section, in the Surface ſeparating the Mediums, is an Ellipſe, whoſe 
greater Axis is equal to B&, and whoſe leſs Axis is perpendicular to the 
Plane of the Figure, and equal to Bo. | | 
We ſet afide Bb, and conſider Bg, whoſe Magnitude that determines. 
As FB is to FD, or CE to CD, ſo is Bg to Dr. 
As D is to DF, or DE to CD, ſo is Bo to a; 
becauſe the Vertex of the ſimilar Triangles, from which the Proportion 1s 
deduc'd, is given between D and d. 
If inſtead of the ſmall Lines Bg, Bo, we take others which have the 
ſame Ratio as theſe, the laſt Terms of theſe Proportions will give us Lines, 
which will be to one another as dr and à. 
The ſimilar Triangles give Bg, Bb, Bo, and EL, EB, EH, in or- 
dinate Proportion whence 
by Equality Bg : Bo : : EL : EH. 
We have alſo (Fig. 6.) CE: CD:: EQ=EL.: DT. 
and DP: SD : : DE: CD:: BP=EH : Fs. 
Therefore DT: FS:: ar : a®. 
If we conceive the Pyramid above-mention'd *, cut at V, we diſcover 
the Breadth of this Section by this Proportion: | 
DF, FV :: DS, Sy : : Dr, to the Breadth. 
We have the Height by this Proportion, 
DF, DU: : DS, Dy as a, to the Height. 


Inſtead 
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Inſtead of dr and a, Quantities being put in the ſame Ratio of DT | 
to FS *, we diſcover the fourth Term of both Proportions to be Vy; “ 2912. 

whence it follows, that the Section makes a Square, and that it was well 

determin'd in the Conſtruction *. * 2904. 
If the diverging Rays make an oblique Cone, whoſe Baſe is in the 2914. 

Surface itſelf, which ſeparates the Mediums, and the Diameter of the 

Circle equal to By, this ought to be taken for a ſmaller Axis of an Ellipſe; 

that is, what was ſaid of Be, muſt be applied to B&; and therefore in- 

ſtead of E H we ought to make uſe of BE*; then the Point P falls on 2911. 

E, and PS and EC are confus'd, as alſo ST and CT), and the Point V 

is had in the mutual Section of the Lines BF, QC, as has been ſhewn in 

N. 290g. | 


C HAP. VIII. 


of the Nefraction of Light, when the Mediums are e- 
parated by a ſpherical Surface. 


E have many Caſes to be examin'd, which I ſhall briefly 2915. 
conſider ; I ſhall firſt ſhew in general what belongs to this 
Motion, and ſhall afterwards add ſome Things in particular. 

Let Z and X be Mediums ſeparated by a ſpherical Surface, whoſe Pl. 
Center is C, the firſt the leſs, the laſt the more retracting. 

The incident Ray, that paſſes through the Center, or would pafs 
through if continued, is not turn d out of it's way by Refrattion * ; * 2793. 
for a ſpherical Surface may be looked upon as conſiſting of innumerable 2 917. 

[mall Planes, which are perpendicular to the Extremities of the Dia- | 
meter s. 

Therefore the Angles of Incidence and Refraction are thoſe, 2918. | 
which the incident, or refracted Rays, make with ſuch Lines. 

Let IN MI be the incident Ray; the refradted Ray is ſought. 2919, | 
Through the Center C draw CM, as alſo BCD, parallel to the 
Ray NM, and the Point d being taken at Pleaſure, we muſt ap- | 
ply the Line an u the Angle MC4, which is to dC, as the Sine . 
of Incidence to ti Sine of Refraction; and the refracted Ray MD, | 
or Md, will be parallel to md. | | | 

M C makes an Angle with CD obtuſe on one Side, and acute 2920. | 

| 


7 
F. by 4. 
2916. 


on the other ; when dm exceeds d C, that is applied in the ob- 
tuſe Angle; otherwiſe, we make uſe of the acute Angle; this al- | 


ways happens in the Paſſage out of a more refracting, into a leſs 
refracting Medium, 


It 
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2922. 
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If in this Caſe dm be not long enough, that the Application 


may be made, the Refraction is impoſſible, and the Ray does not 


paſs into a leſs refracting Medium. In this Caſe if from the known 


Angle of Incidence, we ſeek the Angle of Refraction by Compu- 


tation *, we find it to be greater than a right Angle; which ſhews 
the RefraQtion to be impoſſible. 


Wie made md, dC proportional to the Sines of the Angles of 


Incidence and Refraction, which are as MD, DC; whence we 


2923. 
2924. 


292 5. 


* 29.El.1. 


2926. 


deduce that the refracted Ray was well determin'd, if we attend 
to the two Things that follow. 

That in every Triangle, the Sines of the Angles are proportional to 
the oppoſite Sides: And that any Angle with it's Complement to tw; 
right ones has the ſame Sine. 

Whence it follows that in the Angle MDC, the Sides MD, 
DC are to one another, as the Sines of the Angles M CD, or 
MCB, and CMD; which Sines therefore are, as the Sines of 
Incidence to the Sine of Refraction; but the Angle MC is 
equal to the Angle of Incidence *; therefore CM D is the Angle 
of Rerraction, or it's Complement to two right ones. 

When the Point D falls in the Medium, in which the incident 
Ray is given, as happens, when the Convexity of the Separation 
is given on the Side of the more refracting Medium, the refracted 


Ray is not the Line DM itſelf, but the Continuation of it. 


2927. 


Hence we deduce, how direct parallel Rays, a little diſpers d, are 
refracted in their Paſſage out of one Medium into another, if theſe be 


ſeparated by a ſpherical Surface. 


2928. 
* 2926. 


2929. 


The Ray AB is not bent; 46 is refracted, and becomes 4 F, or 
bf; and bF is to FC, as the Sine of Incidence to the Sine of 
Refraction; but as B& is ſmall, BF and 5 F are equal to Senſe. 
If therefore F be determin'd in ſuch Manner, that BF be to FC 
in the ſaid Ratio of the Sines of Incidence and Refraction, F will 
be the Focus, or Point of Diſperfion, of all the refracted Rays 
parallel to AB, and with which this is ſurrounded at a ſmall 
Diſtance. Theſe refracted Rays are converging, when the Convexity 
of the Separation is given on the Side of the leſs reſracting Medium, 
then they meet at f. In a contrary Diſpoſition of the Surface they 
are diverging, and are mov'd, as if they proceeded from F X. 

We ſhall now conſider in general all the different Caſes of Rays 
that are direct and a little diſpers'd. 

With regard to all we mult obſerve that the Rays which proceed 
from a Point, or tend towards a Point, which we affirm to belong 

to 
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to one Point, are mov'd after Refraction, to Senſe, as if they alſo 
belong'd to one Point.as has been demonſtrated of parallel Rays; 
which will be ſeen in the firſt Scholium following; in which we 
ſhall demonſtrate a general Rule to determine the Refraction in all 
Caſes; which we ſhall be able to expreſs more ſimply, if we call 
the Point, to which the Rays come, the Point of theſe Rays. But 
this is the Rule. 2 | 
The Diſtance between the Point of the incident Rays and the Point of 2 930. 
the refratted parallel Rays, proceeding from a contrary Part, is to the 
Diſtance between the ſame Point of the incident Rays and the Surface, 
that ſeparates the Mediums, as the Diſtance between the ſaid Point of 
the parallel Rays, proceeding from the contrary Part, and the Center 
of the Surface to the Diſtance between the Surface and the Point of 
the refratted Rays. 
Let Z be the leſs refracting Medium, & the more refracting one; 2931. 
R the Point of the incident Rays, whether it be the Radiant of di- Pl. 99. 
verging Rays, or the imaginary Focus of converging ones; let E Fig. 5, 6, 
be the Focus , or Point of Diſperſion +, of parallel Rays pro- 7, 8, 
ceeding from contrary Parts; C the Center of the Surface BV, that & 3 
ſeparates the Mediums; laſtly let F be the Point of refracted Rays, + 9 7 
that is, the Focus of converging Rays, or the Point of Diſperſion T 2928. 
of diverging ones. According to the Rule “, RE is to RV, as * 2920, 
ECtoVF; with regard to which Proportion it muſt be obſerv'd, 
that VF is put at the ſame Part with EC, when RE and RV are 
at the ſame Part of the Point R, but if R falls between E and V, 
let EC and VF be taken towards contrary Parts. 
The fame four Figures are of Uſe, in conſidering contrary Mo- 2 932. 
tion ; then F is the Point of the incident Rays and R the Point of 
the refracted Rays; but then inſtead of E we ought to make uſe 
of e, the Focus of parallel, oppoſite Rays, and the Proportion is 
alter d into this, Fe is to FV, as e C is to VR. 
If, neglecting the accurate Determination of Refraction, we 2933. 
wou d conſider all the Caſes ſeparately, we ought only to have re- 
gard to this, whether the Refraction be towards the Perpendicular, 
or from it, and we ſhall eaſily diſcover what follows. 
1f the Light paſſes out of a leſs refrafting Medium, into a more 2934. 
refracting one, theſe being ſeparated by a ſpherical Surface, whoſe 
Convexity is towards the Part of the firſl Medium, theſe Things ob- 
f tain. | 
Parallel Rays become convergent. 


* 


YOrL. IL , ExXPE- 


154 


2935 
Pl. 92. 


. 
2765. 


+ 2761, 


* 2801. 


2936. 


2937. 
Pl. 92. 
Fig. 2. 


2992; 


2938. 


2939- 
Pl. 92. 


Fig. 3. 


2240. 


2941 . 
Pl. 92. 


Fig. 4. 


Mathematical Elements Book V. 


EXPERIMENT I. 

We join together the two Boxes DA“, and P + in ſuch Man- 
ner, that the convex Surface of the Glaſs V may be outwards 
this laſt Box is fill'd with Water. We make uſe of an horizontal 
Ray, as in the Experiments of the two laſt Chapters. 

The Light enters the firſt Box through the Hole d, and the pa 
rallel Rays make a Cylinder, which diſtinctly appears by Means of 
white Powder *. Theſe Rays go through the convex Surface into 
the Water, become converging, and meet at F. 

Divergixg Rays, the Radiant being remov'd enough, become con- 
verging alſo ; but the Radiant approaching, the Focus is remov'd, 
and the contrary. 


| EXPERIMENT 2, | 

All Things remaining as in the foregoing Experiment, we make 
ufe of the Board T*, that is furniſh'd with a Glaſs, which col- 
les the Sun's Rays at the Diſtance of four or five Inches: Then 
the Rays make the Radiant Point R, and diverging, go through 


the convex Surface into the Water ; they become converging, and 


meet at the Focus F; which, when it is remov'd by a removal of 
the Board T, or brought nearer, the Radiant R is agitated with a 
contrary Motion. is 

Me radiant Point may be brought ſo near the Surface ſeparating 
the Mediums, that the Focus will recede to an infinite Diſtance, 
that is, that the refracted Rays will become parallel. 


EXPERIMENT z. 
Things being order'd as in the laft Experiment, the Board T 
muſt be mov'd gently in ſuch Manner, that the Focus may recede, 


by the approaching of the Radiant R, and the Poſition is eaſily 
diſcover'd, in which the refracted Rays are parallel, 


If the Radiant Point R is brought nearer, the refracted Rays will 
become diverging, yet leſs diverging than incident Rays. 


EXPERIMENT 4. 

In this Experiment the Board T is at a leſs Diſtance from V, 
than in the laſt, in other Things they agree; but the Rays are di- 
verging in the Water, but leſs than in the Air. 

If the incident rays are converging, and tend to the Center of the 


2039: ſpherical Surface, they undergo no Refrattion. 


If 
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If they be directed towards another Point, as they are refracted 2943. 
towards the Perpendicular *, the Rays are ſo bent, that the Focus 2787-2540. 
of theſe converging Rays is always given between the Center of the 
Surface ſeparating the Mediums, (towards which all the Perpen- 
diculars are directed) and the Point, towards which the incident 
Rays tend. That is, if the imaginary Focus of the incident Rays be at 
a leſs Diſtance than the Center, the refratted Rays are leſs converging : 

If this imaginary Focus be beyond the Center, the refratied Rays will 
be more converging. | 8 
The laſt of theſe Caſes only is well repreſented in the Experiment. 


EXPERIMENT ;. | 

This Experiment alſo differs from the foregoing ones only in the 2944. 
Poſition af the Board IT, for if T be moy'd nearer to the Surface Pl. 92. F. 5: 
V, which ſeparates the Water from the Air, the 5 Rays | 
will enter into the Water; now if this Board be ſo diſpos d, that j 
the Rays may be directed to the Point, that is at a greater | 
Diſtance from the Surface, than the Center of it, the refracted Rays 
will be more converging. | 

Now if we ſuppoſe the Surface to be turned, and fo be convex 29 45. 
on the Side of the more refracting Medium, and the Light to paſs 
out of a leſs refracting into a more refratting Medium, as in the | 
foregoing Caſes, the Phenomena are diſcover'd in the ſame Manner, 
by conſidering that the Refraction is towards the Perpendicular, 

Parallel Rays become diverging. | 


EXPERIMENT 6. 

Things being order'd as in the firſt Experiment the Box P is 2946. 
turn'd in ſuch manner, that the Rays may go through the convex Pl. 92. F. 6. 
Surface, which is towards the Water, into it; the Rays will be di- 
verging in the Water. 

1f the Rays be diverging, and the Radiant be in the Center of the 2947. 
F urface, that ſeparates the Mediums, the Rays are not bent by Re- 

raction. 3 

If the Radiant be at a leſs Diſtance from the Surface, the refraffed 2948. 
Rays will be leſs diverging. But if the radiant Point be more re- 
mov'd from the Surface than the Center, the refracted Rays are more 
aiſpers'd than the incident Rays. Which is confirm'd by Experiment. 


| | EXPERIMENT 7. 
The Box P remaining in the Poſition mention'd, the reſt agrees 2949. 
with the ſecond Experiment * ; and the diverging Rays become Pl.32.F.7. 


more diverging, Whilſt they go into the Water. 2937. 
* if 


156 Mathematical Elements Book V. 


2950. F the Rays be converging, and the imaginary Focus be in the mere 
refratting Medium at a ſmall Diſtance from the Surface ſeparati ng 
the Mediums, the refracted Rays converge allo, but leſs than the inci. 
dent Rays. | . 

I the imaginary Focus of the incident Rays recedes more, that 

2951. is, if the ſaid Rays converge leſs, the refracted Rays will alſo con- 
verge leſs, till, by the receding of the imaginary Focus, the refracted 
Rays are parallel. ESE DIS 7 

2952. In à greater Receſs of the imaginary Focus, the ręfracted Rays be- 
come diverging. 091 h 2t 11022169 If. 


EXPERIMENT 8. | 
2953. All Things rer order d, as in the laſt Experiment, move the 
Pl. 92. F. g. Board T towards the Surface in ſuch Manner, that the converging 
Rays may enter into the Water, and the imaginary Focus may be 


at a ſmall Diſtance from the Surface, the refracted Rays become 
leſs converging, and meet at TF7. 7 


2954. If the Board be brought nearer and nearer the Focus recedes, and 
Pl.92.F.9. the refracted Rays will become lel. 


2055. And theſe are diverging, if the Convergency of the incident 
Pl. 92. Rays be yet diminiſh'd more. TY kg > SEN 
Fig. 10. After the ſame Manner we determine, what obtains in the Paſ- 
2956. fage out of a more refratting Medium into a lejs refracting one; and 
_ indeed zf the convex Surface be given towards the leſs refracting 
Medium. | 


Parallel Rays after Refraction meet in the Focus. 

2957. The Rays that came from a radiant Point, do alſo meet in the 
Point or Focus; and as this Point is brought nearer, the Focus goes 
farther off, and contrariwiſe. an 

2958. The radiant Point may be ſo plac'd, that the Focus will fly off to 

an infinite Diſtance, hat is, the refracted Rays will become parallel. 

2959, Tf the radiant Point be brought nearer, the Rays that are refracted 
will diverge ; but yet leſs than the incident Rays, if the radiant Point 
be more diſtant from the Surface than the Center. 

2960. But if the radiant Point be between the Surface and Center, the 
refracted Rays will be more diverging. 


2961. of the. Rays are converging, they become more converging in every 
e. 
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EXPERIMENT 9 


We make uſe of the long Box AB which is open at the 2962. 
Sides * ; acroſs this, at right Angles is plac'd the ſmaller Box Pl. 93. F. . 
FE +, in ſuch a Poſition, that the Rays, which enter the greater * 2755. 
Box through the Hole d, and follow the Direction of it, paſs per- Þ 2766. 
pendicularly through the Glaſs Plane of the ſmaller Box, and go 
out of it through the Glaſs V, whoſe Convexity is outwards. | 

The Box is fill'd with Water, and the Rays, which are parallel 
in Air, keep their Direction in the Water *, and paſs into the Air“ 2793. 
through the ſpherical Surface, whoſe Center is towards the Water ; 
but they converge in the Air, 


EXPERIMENT 10. 


All Things remaining, the Board T, that has the convex Glaſs *, 2963. 
is ſo plac'd, that the diverging Rays may enter into the Water, l 93. F. 2. 
through the Surface of the Glaſs Plane of the Box E, then the 2772. 
Rays, which remain diverging in the Water +, going into Air, + 2885. 
become converging. 

If the Radiant comes nearer, the Focus will recede ; and laſtly 2904- 
the Rays going out of the Water are parallel. Pl. 93. F. 3. 
If the Radiant be brought ſtill nearer, ſo that it be in the Sur- 2965. 
face of the Glaſs Plane, the diverging Rays in their Paſſage into Pl. 93. F. 4. 

Air remain diverging, but they diverge leſs than in Water. 


EXPERIMENT IT. | 


Move the Board T towards the Box E in ſuch Manner, that the 2966. 
converging Rays may go out of the Water, and they will converge Pl. 94. F. 1. 
more 1n the Air, : 

There remain to be conſider'd the Rays, which go out of a more 2967- 
refratting Medium into a leſs refracting one, the concave Surface be- 
ing towards the leſs refratting Medium. I theſe Rays be parallel, 
they become diverging by Reſraction. 
bey proceed from a radiant Point, they become more diverging. 2968. 

And they fill diverge more and more, as the radiant Point is 2 969. 
brought nearer. 

Converging Rays, which tend to the Center of the ſpherical Surface, 2970, 
under go no Alteration. 

If they converge more or leſs, the imaginary Focus of the incident 2971, 
Rays will always be between the Center of the Surface ſeparating the 
Mediums, and the Focus of the reſracted Rays; which can recede ad 
infinitum, fo as to make the refracted Rays parallel. 4 

I X P E= 
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Chap. 8. of Natural Philoſophy. _ 


EXPERIMENT 15. 


All the Points of the Surface of the Flame C, are radiant Points; 2978. 
at the Diſtance of two or three Feet from the Candle is plac d the Pl. 96. 
Box P * in ſuch Manner, that the Glaſs, whoſe convex Surface Pig. f 
is outwards, may be turn'd to the Candle, and the Light, which , gf 6 f 
enters through it into the Box, may be carried along the Box. 3s 

The Box muſt be put upon the ſmall Table“, that it's Aperture “ 2773. 
may be rais'd as high as the Flame. The Light is intercepted by | 
a Paper AB, dy'd with ſome dark Colour, that the Light may 
enter into the Box only through the Hole d, whoſe Diameter & 
equal to half an Inch. 

The Box is fill'd with Water, and by making Trial the Poſition 
of the ſmall Table T, which is made white *, is ſought, that the 2762.2764. 
Foci of the radiant Points may be given upon the Surface of the 
Table, and all may illuminate one Point ; then we ſhall have the 
Flame of the Candle diſtinctly painted upon this Surface, but in- 


4 


verted. | 

I ſhall now ſpeak of oblique Rays, a little diſpers'd ; but I ſhall 297 9. 
only juſt mention what belongs to this Matter, and demonſtrate it 
in the following Scholiums. 

Let X be the more refracting Medium, Z the leſs refracting 2980. 
Medium; let the Ray AB paſs out of one Medium into another, Pl. 96. 
falling obliquely upon the ſpherical Surface, ſeparating the Mediums, F. 2 
and whoſe Center C is. Through this we draw H CD, parallel to 2 
AB, and we determine the refracted Ray BD * ; we draw CLX 2 919. 

dicular to this, to which we draw B G parallel, cutting tage 
me DC at G. Through B is drawn to the Surface, ſeparating 
the Mediums, a Tangent, which meets the fame Line DC at H. 
The Points H and L are join d by a Line, that cuts BG at I. If 
a parallel to AB, be drawn through I, this will cut the refracted 
Ray BD at F, in which Point, all the Rays parallel to AB, and 
at a ſmall Diſtance from it, meet with this Ray, after Refraction. 

If the oblique Rays be diverging, or converging, and a little 2987. 
diſpers d, we diſcover the Focus, or Point of Diſperſion, by the | 
following Conſtruction. 

Let R be the Radiant Point, or imaginary Focus of the incident 2982. 
Rays; RB one of the incident Rays, or a Continuation of it; Pl. 96. 
BF the ſame Ray refracted &; and it's Continuation BL; Let E F. 4, 5. 
be the Focus, or Point of Diſperſion, of parallel Rays proceeding #* 2919, 
from contrary Parts, in the Direction FB +. _ + 2980. 

I e | 
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2983. 


2984. 
* 2899. 


2985. 


Pl. 96. 
Fig. 2. 


* 2903. 
2986. 
Plate 96. 


Ft. 4, $. 


* 2961. p 
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The Point G is determin'd by this Proportion, as the Sine of 
Refraction is to the Sine of Incidence, ſo is EB to EG. 

From the Center C, of the Surface ſeparating the Mediums 
CL, CD, are drawn perpendicular to the Lines B H, BR; and 
the Points D and L are join d by a Line; and RH is drawn pa- 
rallel to DL. If then it be as RE to E G, ſo is HB to BI, and 
through I be drawn IF, alſo parallel to DL, F will be the Point 
ſought. 

When RE and E G are directed towards the fame Part, HB, 
BF, tend alſo to the fame Part, as in Fig. 43 if they be oppoſite 
to the firſt of theſe Lines, HB, BF, are alſo directed towards 
contrary Parts, as in Fig. 5; which alſo may be thus expreſs d: 
That the Point Bis to F and H, as E is to G and R. 

We ought to refer to this Place, what was ſaid in the foregoing 
Chapter concerning oblique Rays * ; that the Demonſtrations only 
relate to Rays in the Plane of the Figure, 

If the parallel Rays make a Cylinder, whoſe Section through the 
Axis is between AB, 4b, the refracted Rays paſs through the ſmall 
Line, perpendicular to the Plane of the Figure at F ; and after- 
wards paſs through the ſmall Line Dd. If we conceive a Plane 
between Fand D, againſt which the Rays run directly, theſe will 
make there a rectangular Spot, which is had for the Focus, or 
Point of Diſperſion, when it is ſquare *. 

The fame Things obtain in diverging and converging Rays; all 
the Rays paſs through the ſmall Line, perpendicular to the Plane of 
the Figure at F; and in this Plane the fame Rays paſs through a 
{ſmall Portion of the Line, which wou'd paſs through R and C, and 
in which this ſmall Portion wou'd be determin'd by the Interſection 
of the Lines BF, 5 F, continued if Occafion requir'd. 

But the Places where the Spots are ſquare are determin'd by Con- 
ſtructions like thoſe, which were deliver'd in the laſt Chapter, 
which I ſhou'd explain more diſtinctly, if this Determination were 
of any uſe in explaining Phenomena. | 

But we ſpoke of determining the Point F, that it might ap- 
ear, that what was demonſtrated in another Caſe *, obtains here 
alſo, that there is uo Focus, or Point of Diſperſion of oblique, di- 
verging, or converging Rays, how little ſoever they are diſpers'd, 1 
the Mediums. be ſeparated by a ſpherical Surface; which follows 
from what was ſaid of the Spot, or ſmall Space, through which 
the Rays between F and D paſs. 


All 
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All Akerations in Light, ſpoken of in this Chapter, are the more 2988. 
ſenſible, as the Surface, ſeparating the Mediums, is more curve, that 


is, @ Portion of a leſs Sphere. 
SCHOLIUM I. 


A Demonſtration of the Rule, deliver'd in N. 2930, concerning the 
Determination of the Refraction of direct Rays. | 


E T us ſuppoſe the Ray RB, or 7B, to be refracted along BF, or 2989. 
along the Continuation of it Bf, we muſt demonſtrate that the Re- Pl. 95. 


fraction was well determin'd, thoſe things being ſuppoſed, which were F. 5, 6, 7,8. 


explain'd in N. 2931. 

The Angle of Incidence is R BC, or it's Complement to two right 
ones. The Angle of Refraction is C B F, or it's Complement to two Right 
ones. If the Ray EB be an incident Ray, Ba will be refracted“; the * 2789. 
Angle of Incidence will be E B C, or it's Complement to twoRight ones ; 
and the Angle of Refraction aBC ; or it's Complement to two Right ones. 
All thoſe Angles (or at leaſt their Complements, which are then to be 
uſed) are ſmall, and therefore they are as their Sincs; therefore, as there 
is a conſtant Ratio between the Sines of Incidence and Refraction, in this 
Caſe alſo, that is, when the Angles are ſmal!, there is given that fame con- 
ſtant Ratio of Refraction between the Difference of the Angles of Incidence and 


the Difference of the Angles of Refrattion * ;, that is, there is this Ratio be- 6. 17. El. 5. 
tween the Angles R BE, or 7 BE, and B F, or a BF = BFV, as + 9. El. I. 


alſo between the Sines of them; which therefore are as EC to EB. 079 
But theſe Sines are in a Ratio compounded of the Sine of the Angle 
RBE to the Sine of the Angle BR V, and the Ratio of the Sine of this 


laſt to the Sine of the Angle BF V. 


The firſt Ratio is that which is between RE and EB*. The ſecond * 2923.2924. 


Ratio is between FB and RB, or VF and RY, by reaſon of the 
{mall Arch BD: therefore 

EC: EB: : RExXVF ; EBxRY. 

EB K RE xFV —=ECxEB x RV, or RExFV —=ECxRV. 

And RE: EC:: RV: VF. Which was to be demonſtrated. 


SCHOLIUM II. 


The Demonſtration concerning the Refraction of parallel oblique Rays, 
explain'd in N. 2980. 


1 AB, à 5, be parallel Rays; their refracted Rays BD, d; we 


From the Refraction it follows, bd : dC : : BD: DC *; I 
By Altern. and Diviſ. and by Altern. again, 4m--ab : Dd : : BD: DC. 
The Triangles D4Am and DBG are ſimilar; and 
Dad: : an: DG: D. 
Vor. I. Y Therefore 


2990. 
allo ſuppoſe what elſe was mention'd in N. 2980. Pl. = F. 2. 
* 2919. 
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2992. 


* 2991. 


* 2992, 


2993- 


* 2985. 
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Therefore by equal Perturb. dm + cb: dm: : DG: DC, 
By Diviſ. 1 e: dn: : DG - DC SCG: pc 
But the Point F is ſought, in which is given the Interſection of the 
Rays BD, . gg 
By Reaſon of the ſimilar Triangles BF e, D F m, 
. Be: Dm: : BF:; FD. 
he Ratio between Be and Dm is made up of the three Ratios of 


The Ratio | 
Be to eb, eb to #m, and laſtly dm to Dm; which three Ratios we 


determine. GN _ drawn parallel to BD, the Triangles Be and 
BGN are ſimilar, and 

Be: eb: : BG: GN. SY 
12 LE :: CG: DC“: : BL: LD by reaſon of the Parallels 

G, LC. 

5 dm : Dm : : DB : BG; by reaſon of the ſimilar Triangles D 4, 

DG. | 

Therefore Be is to Dm, as the Product of the Antecedents BG x BL 
x DB, to the Product of the Conſequents GN x LD x BG, in which 
Ratio alſo BF 1s to FD ®. 

But GNx LD=BDxGO ; for, by reaſon of the Parallels DB, GN, 

. B D: GN:: DL: GO. 

Therefore BF : FD :: BGXBLY DB: BD GOxXBG :: BL: GO; 
in which Ratio alſo is BI to IG, by reaſon of the ſimilar Triangles 
BLI, IGO. 

Therefore a Line drawn through I parallel to GD determines the Point 


PF; for then BF: FD : : BI: IG. 


If we conceive the Plane of the Figure to turn about the fixed Line 
DOC, the Rays AB, 4b, turn about in ſuch manner, as to make Cy- 
linders, which have the common Axis DH ; all the Rays parallel to this 
Axis, which are contain*d between the Surfaces of theſe Cylinders, make 
by their mutual Interſections a Circle, which the Point F deſcribes, in 
the faid Revolution. The Rays a little diſperſed, which we ſpoke of in 
N. 2980, are contain'd between the ſaid Surfaces of the Cylinders; there- 
fore theſe, by mutual Interſections, make a ſmall Portion of the ſaid 
Circle; that is, they paſs through the ſmall Line, perpendicular to the 
Plane of the Figure at F, as has been ſaid *. 


SCHOLIUM III. 


Of the Refradtion of oblique Rays, diverging, or converging, mention d 
in N. 2982. 


L 7 HAT has been explain'd in N. 2982. being ſuppoſed, we con- 
ceive the Ray R# which is refracted along 5F, meeting with the 


1 refracted Ray B F at F; we muſt demonſtrate that the Point F was well 


determined. 


With 


f 
s 
8 
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With the Center R, through B, is deſcrib'd the Arch Bm; with the 
Center F, through , is deſcrib'd the Arch 4»; with the Center B, 
through the Points L, D, and E, are deſcrib'd the Arches LI, Dad, Ee. 

The Triangles CB L, Bon, are ſimilar; for they are rectangular, and 
moreover the Angles 5 By and R,CL are equal; becauſe CB L. is the 
complement of each to a right Angle; which follows with regard to BCL 


from the Property of Triangles * ; and with regard to 5 BA from this, * 32. El. x. 
that the three Angles 5B», 4B C, CBL, are equal to two right ones , + 13. El. x. 


and the middle one of theſe is a right one. 

After the ſame manner we prove that the right-angled Triangles B 5 m, 
BCD, whoſe Angles 5 B, CBD are equal, are ſimilar; becauſe u BC 
is the Complement of each to a Right Angle. Therefore, 

ou : Bo: : BL, BC. 
Bb : Bm: : BC, BD; 
And by Equality, 5», Bm : : BL, BD : : BH, BR. 
But the Ratio of 4» to Bm, is made up of the Ratios of 
bn to LI, LI to Da, Dd to Ee, Ee to Bm. 
We find all the Ratios, 
By Reaſon of the ſimilar Triangles Fa, BL, 
on, LI: : FB BL: IB AD. 

For the incident Ray RB, and the refracted one B F, the Sine of Re- 
fraction is C L, and the Sine of Incidence CD; for aB and Be, the ſame 
Sines are Cl, Cd; therefore, by reaſon of the conſtant Ratio between 


theſe Sines *, 
Li DA: : CL, CDT: : BE, EG. 
By Reaſon of the ſimilar Triangles B Dad, B Ee and REe, RB m, 
Dad, Ee: : BD, BE; 
Ee, Bm: : RE, RB. 

Therefore the Ratio of in to Bm, that is, of BH to BR *, is made 
up of theſe four Ratios, of IB to BD, BE to EG, BD to BE, and 
RE to RB. | 

The Ratio compounded of the Ratios of IB to BD, BD to BE, BE. 
to E G, is that which is between IB and EG; which therefore only muſt 
be join'd with the Ratio of RE to RB; and we have 

RExIB, RBxEG : : BH, BR:: BHxBI, BR BIX. 

The Antecedents of the firſt and laſt of theſe Ratios being divided by 

I B, and the Conſequents by BR, there is given 
RE BG: : H, I. 

Whence it appears that in the Conſtruction N. 2982, the Point I, and 
therefore F, was well determin'd. 

If, in order to make appear, what was explain'd in N. 2986, we would 
apply to theſe Caſes, what was demonſtrated in Numbers 2907 and 2993, 
we ought to conceive the Plane of the Figure to revolve about the fix'd 
Line RC, and then, what was ſaid in cheſs Numbers of the Rays AB, 
Ab, will be to be applied to the Rays RB, Rö. 
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* 2809. 
T 19. E z. 


* 2995+ 


* 1. El. 6. 
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* 28 O0. 2 | 
: and the Rays coming out of the Air into Glaſs, paſs though it into 


| Of the Motion of Light thypugh a more refrafi 
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CHAP. IX. 

| 7 

Medium. Where we ſhall ſpeak of the Properties 

of Lenſes. | 


HE uſe of Glaſſes is common; Glaſs is denſer than Air, 
and more refracting according to the Ratio of the Denſity ; 


the Air again. Light undergoes different Changes in it's Paſſage 


299% 


through Glaſſes, according to the various Surfaces that terminate 
them. In order to determine which, the Glaſſes or any Mediums 
encompaſs d with a leſs refracting Medium, terminated with diffe- 
rent Surfaces, muſt be examin'd. There are fx Claſſes of Glaſſes 
arifing from the ſole Conſideration of plane and ſpherical Surfaces. 

1. The Medium may be plane on both Sides. 2. It may be 
plane on one Side and convex on the other. 3. It may be convex 
on both Sides. 4. It may be plane on one Side, and concave on 
the other. 5. It may be concave on both Sides. 6. It may be 


. concave on one Side, and convex on the other. 


3000. 


3001. 


DEFINITION I. 
Fa Glaſs be us'd, and it be not very thick, ſuch a Glaſs as is 
mention'd in the five laſt Claſſes, is calld a Glaſs Lenſe. 
In the ſecond and third Caſe, a Lenſe is faid to be convex ; and 


if theſe two Caſes are to be diſtinguiſh'd, in the ſecond it is call'd 


a Plano-convex Lenſe. And fo in the fourth Caſe it is faid to be 
Plano-concave ; though both theſe Caſes and the fifth are generally 
reckon'd as concave Lenſes. But a concave convex Lenſe, 1s 
reckon'd amongſt concave or convex Lenſes, according as the one 


or the other Surface predominates, in which laſt Caſe the Lens is 


call'd a Meniſcus. But that Surface. is. faid to predominate which 


1s moſt curve, that is, which is a Portion of a leſs Sphere. 


3002, 


DEFINITION 2. 


In any Lenſe or Medium terminated, as has been already ſaid, the 


right Line which is perpendicular to both the Surfaces is call d the 
Axis. | | 


When 


— — 


I 
= | 

—— 
CS= »+20 4 -o<- wil 
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When both theſe Surfaces are ſpherical, the Axis paſſes through 43003. 
both their Centers ; but if one of them be a Plane, it falls perpen- 
dicular upon that, and goes through the Center of the other. 
Regular Lenſes are orbicular, and the Axis paſſes through the 3004. 
Center of the Lenſe, in which Caſe it is ſaid to be well center'd. 

In the Paſſage of Light through a Medium, terminated by two 3oog. 
lane Surfaces, the Direction of the Rays is not chaig'd *, which is * 2792. 
the Caſe in plane Glaſſes. | 

In demonſtrating what relates to the Paſſage of Light through 4006. 
Lenſes, we ſhall only conſider Rays a little diſpers'd, as before, and 
indeed principally thoſe that are direct. But thoſe are ſuch, among 
which there is one, that coincides with the Axis of the Lenſe v. 2878 3002. 
It is the Nature of all Sorts of convex Lenſes, that the Rays in their 3007. 
Paſſage through them are bent towards one another ; ſo much the more 
as the Convexity is greater: But of concave ones, that the Rays are 4008, 
defleted from one another, according as the Concavity is greater. ; 
For the Direction of the Rays through a plane Glaſs is not al- 4009. 
ter d“; but upon inflecting one or both the Surfaces, the Rays * 3005. 
will have another Direction: They are more bent towards the Axis 
of the Lenſe, becauſe of the Convexity of the Surface of the Glaſs ; 
and by making the Surface concave, they are deflected from the 
Axis; as is evident in every Caſe, by comparing the Inflection in 
the plane Surface, perpendicular to the Axis of the Glaſs, with the 
Inflection in the ſpherical Surface. And the Difference of their 
Inflections, that is, the Change of the Direction of the Rays, in- 
creaſes with the Diſtance from the Axis. Whence we deduce the 
following Properties of Lenſes. 
f That parallel Rays in paſſing through a convex Lenſe, meet in the 300. 
OCUS, 
That diverging Rays either diverge leſs, or run parallel, or elſe 3011. 
converge ; in whech Caſe as the Radiant Point goes farther off, the 
Focus comes nearer,. and contrariwiſe : And this 1s the Caſe when 
the Radiant Point is farther diſtant from the Lenſe than the Focus 
of parallel Rays. 
Laſtly, That converging Rays converge mare when the Light 3012. 
emerges out of the Lenſe. 


EXPERIMENT I. 

In this, and the following Experiments, we make uſe of the 3013. 
long Box AB *, which has been often us'd before; the Sides of F 1.97. F. 1 
it are clos d. We direct the Ray horizontally, as in many of the * 2755. 

foregoing 
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foregoing Experiments; according to the Direction of this the Box 
3s plac'd,..inta which the Light enters through the Hole d. The 


8 Parallel Rays are tranſmitted through the_convex Lenſe, which ;; 
* 2774 in che Board T, they converge, and meet at R. 


In this; and the following Experiments, the Rays are made 
>. 2801. ede $ by 1 uſe of a ON 1 need as has been often 
30 4 We hays e elde 1 the conver; ing = after their In- 
„ ae Ailpers d, and R ig ae radiant Point, which 

alto has been often made uſe of in the Experiments; but we have 


How: Tg * . _ EM in the Paſſage through the 


3 TH . 2. 
3015. Al Things x remaining the fame, we put a ſecond Board 8 like 


Fl. 97. F. 1. T, Which alſo has a convex Glaſs, into the Box AB; the diverg- 


ing Rays, proceeding from R, will become converging, and meet 
at the Focus F, if the Diſtance RS be great enough. 


1 If this Diſtance be diminiſh'd, the Focus F will recede ; and 


Pl. . F. a. this may be remov'd-in ſuch Manner, that the * going out of 
_ the Lenſe 8 will be parallel. 


5 If the aid Diſtance R S be then diminiſh'd more, the Rays that 
Pl.97.F-3:go out will diverge, but they will diverge leſs than incident Rays. 


EXPERIMENT 3. 


3018, Other Things remaining, the Board T muſt be moy'd towards 
Pl.97.F.4- the other 8 in ſuch Manner, that the Rays may fall upon the 
Lenſe of this Board converging ; and when they go out they will 


converge more. 


3019. We alſo deduce the Properties of concave Lenſes from a general 


* 3008 . Hit 

3020. allel Rays become diverging by paſſing through a concave Lenſe. 

3021. Diverging Rays diverge the more. 

3022. Converging Rays ſometimes converge the more; i,, in this Caſe, 
the converging of the incident Rays be diminiſh'd theſe may be directed, 
fo that when they go out they will be parallel ; if then the incident _ 
become ſtill leſs converging, at thetr going out they will be diſpers 
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EXPERIMENT 4. 
This Experiment is made like the firſt * ; but inſtead of the 302 3 
Board T we uſe another Q, that has a concave Lenſe, Parallel Rays Pl.g8.F. 1. 
that paſs through it, go out diverging. * 3013. 


EXPERIMENT $5. 

All Things remaining, we make uſe of the Board T alſo, which 3024. 
we us'd in the firſt Experiment mention'd *“; by Means of this we Pl.g8.F.2. 
make the radiant Point R, from which Rays diverging fall on the * 3013. 
concave Lenſe of the Board Q, and go out more diverging. 


EXPERIMENT 6. 


The ſame Things remaining, bring the Board T towards the 3025. 
Board Q, in ſuch Manner, that converging Rays may fall upon the PlL.g8.F.3. 
concave Lenſe, and when they emerge they will converge leſs. 

The Board T may be brought ſo near, that the Rays emerging 3026. 


from the concave Lenſe will be parallel. Pl.98.F.4. 
The Board T being brought till nearer, the Rays going out of 3027. 
the ſecond Lenſe will diverge. P1.88.F. 5. 


We have demonſtrated the general Properties of Lenſes, I ſhall 3028. 
now ſpeak of determining the Refractions themſelves nicely, but I 
ſhall only mention the Propoſitions, and give the Demonſtrations 
of them in the following Scholiums. | 

A Lenſe being given, that is terminated by two ſpherical Surfaces, 3029. 
the Point of Concourſe, or Diſperſion of parallel Rays, is ſcugbt. 

The Rectangle made of the Semidiameters of the Surfaces is 3030. 
multiplied by the Number, which expreſſes the Sine of Refraction 
in Glaſs, and the Product is divided by the Difference of the Sines 
in Air and Glaſs. This Quotient being divided by the Diſtance: 
between the Centers, that is, by the Sum of the Semidiameters, 
when both Surfaces are concave, or convex, and by the Difference, 
when one is concave and the other convex, there will be given in 
the Quotient the Diſtance of the Point ſought from the Lenſe ; 303 f. 
which 7s the ſame from whatever Part the Rays proceed. 

The Ratio of Refraction out of Air into Glaſs is that, which is 3032. 
between 17 and 11 *, nearly as 3 to 2. Therefore we muſt mul- * 2811. 
_ tiply by 11, and divide by 6; or only multiply by 2. 

: If one Surface be plane, the Semidiameter becomes infinite, and 3033. 
iS. had as equal to the Sum or Difference of the Semidiameters ; in 
this Caſe the Semidiameter of the ſpherical Surface is . 

5 * 
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by 11, and divided by 6; or is doubled, the more accurated De- 
termination being neglected. 

3034. The Points, which we diſcover by theſe Computations, are the 
8 Points of Concourſe, if we conſider convex Lenſes *, and the 

3007. 18. | | 
+ 3008. Points of Diſperſion if they be concave +. 

If direct Rays, either diverging or converging, fall upon a Lenſe, 
we diſcover the Motion after the Paſſage by this Proportion. 
3035. As the Diſtance, between the Point, to which the incident Rays 
come, and the Point of the parallel Rays, proceeding from a contrar 
Part, is to the Diſtance between the firſt of theſe Points and the Glaſs 
itſelf, fo is this laſt Diſtance to the Diſtance between the Point of the 
incident Rays, and the Point ſought of the refracted Rays. 
3036. With regard to which Proportion we obſerve, that the Point of 
the refracted Rays is always with reſpect to the Point of the inci- 
dent ones at the ſame Part, at which the faid Point of the pa- 
rallel Rays is with reſpect to this. 
3037. Let R be the Radiant, or imaginary Focus of the incident Rays 
Plate 100. E the Focus, or Point of: Diſperſion, of parallel Rays coming from 
F. 1, 3, 4. a contrary Part; F the Focus, or Point of Diſperſion, of the re- 
fracted Rays; according to the Rule RE, RV, RF, are in con- 
tinued Proportion. 

* 2030, In the contrary Motion, Ve being taken equal to VE *, Fe, 
F V, FR, will be the Proportionals. 
What has been ſaid regards direct Rays, one of which coincides 
with the Axis of the Lenſe, which in going through keeps it's Di- 

3038. rection. But this is not a peculiar Property of this Ray; all the 
Rays that paſs through the Center of the Lenſe keep their Direction 
alſo. 

3039, Let V be the middle Point of the Lenſe; AB it's Axis; CD 

Pl. 99. F. 1. an incident Ray, which, being refracted along D E, paſſes through 
V; this, if the Lenſe be equally convex, or concave, both Ways, 
will go out of the Glaſs at E, where the Surface is parallel to the 
Surface at D, and the refracted Ray EF will be parallel to the 

* 2792, incident Ray CD &; that is, it will go in the ſame Direction. If 
the Lenſe be thin, the Lines CD and EF make the fame right 
Line to Senſe. 

3040. If the Lenſe be unequally convex, or concave, the Point of In- 

terſection of the Rays, not bent, is not in the Middle of the 
Thickneſs of the Glaſs. When one Surface of the Glaſs is plane, 
this Point is in the Interſection of the Axis of the Glaſs and the 
ſpherical Surface, In a Lenſe one of whoſe Surfaces 1s OF, 
I | an 
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and the other convex, the Point, we are ſpeaking of, is without 
the Lenſe, on the Side of that Surface, . which is a Portion of a 
ſmaller Sphere. | 

If ſeveral incident and refratted Rays paſs through this ſame Point, 3041. 
they make two ſimilar Pyramids, which have a common Vertex, in 
that ſame Point. | 

If the incident Rays be oblique, Y ah: wn or belonging to a Point, 3042. 
although they be a little drſpersd, when they are refracted, they 
don't belong to one Paint; by Reaſon of the double Irregularity in 
the Refraction, the firſt at the going in, the ſecond at the going 
out “. | * 2997. 
But i the Rays become ſomewhat oblique, and paſs through the 43043. 
Center of the Lenſe, the Refraction does not differ much from the 
Refraction of direct Rays. | 
Let R be the radiant Point in the Axis of the Lenſe, remov'd 3044. 
from the convex Glaſs U in ſuch Manner, that it may have the Pl.gg.F.2. 
Focus F; let be the other radiant Point, and U, the Ray, 
whoſe Direction is not alter'd “, the other Rays, which are a little“ 3038. 
diſpers'd, meet with this Ray, at the Diſtance V, which, if U 
be equal to R U, does not differ much from U F. 
If we conſider the Thing mathematically, UP exceeds Uf, and 
the direct Concourſe is more perfect, but the Differences are ſmall, 
as we find, if weattend to what is demonſtrated concerning oblique 
Rays in the foregoing Chapter. | 

If beſides theſe there are given more radiant Points alſo, from 43045. 
which alſo the Rays that are a little oblique fall upon the Glaſs, 
the right Lines, which tend from all the radiant Points to their 
Focus's make two oppoſite ſimilar Pyramids *, one of which has * 304 T. 
for it's Baſe the radiant Points, the other the Focus's of them. 
If theſe Focus's fall upon a white Plane, each of the radiant 3046. 
Points illuminates a correſpondent Point upon the Plane ; and all 
the Focus's together give an inverſe Figure of the radiant Points, 
ſuch as has been before repreſented “. | ® 2977. 


bk. wu 4 


ExPERINMENT 5. aid ip oe 
We put the Board with it's Lenſe * upon a moveable Table + ; 3047. 
we raiſe the Table, that the Lenſe may be at the fame Height“ 270. 
with the Flame of a Candle put upon another Table, at any Diſ- 4 2774. 
tance whatſoever. We turn the Lenſe, that it's Axis may paſs 

through the Flame of the Candle; the Picture of the Candle will 

be repreſented inverted upon Paper, placed at a juſt Diſtance, and 

parallel to the Lenſe, 

TS. 2 This 
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3048. 


3049. 


30 ;o. 


3051. 


30 52. 
Plate 100. 


Fig. 4. 
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This Picture is the moſt perfect of all, when the Rays pag 
through the middle of the Lenſe, but if the Lenſe being cover'd 
the Rays be tranſmitted through the Aperture, a little remote from 
the Axis of the Lenſe, the Figure of the Flame will be diſtin 
enough, by Reaſon of the ſmall Obliquity of the Rays proceeding 
from the Candle. The Place of the Picture will be the fame alſo; 
for the Rays, which, in this Caſe, make the Focus, wou'd meet 
with the Ray, that is not bent, if this were not intercepted. 


EXPERIMENT 8. 


Things remaining as in the laſt Experiment, let the Lenſe be 
covered with black Paper; three or four ſmall Holes being left in 
the Paper, whoſe Diameters are equal to a Quarter of an Inch; 
the Picture of the Flame is repreſented on a white Plane in the 
fame Manner as in the foregoing Experiment ; but, the Poſition of 
the Plane being alter d, we have ſo many imperfect Repreſentations 
of the Flame, as there are Holes, through which the Light paſles, 

As by Means of a convex Lenſe we reprefented the Flame of a 
Candle, ſo we may repreſent the Body of the Sun, by placing a 
Lenſe in ſuch Manner, that it's Axis may paſs through the Sun; in 
this Caſe the Sun's Rays which paſs through the whole Lenſe, are 
reduc'd into @ ſmall Space, in which Caſe the convex - Lenſe is a 
burning Glaſs. | b 2:2 9% 


EXPERIMENT g. 

Let there be a convex Lenſe as U, whoſe Diameter is ſix Inches; 
let this be directed in ſuch Manner, that one of the Sun's Rays 
may coincide with the Axis'of the Lenſe ; if this collects parallel 
Rays, ſuch as all are to Senſe, which proceed from all the Points 


of the Sun, at the Diſtance of three Feet, and a Body that is eaſily 


3053. 


* 2895. 
＋ 3012. 


ſet on Fire be placed there, as Wood, upon which the Image of 
the Sun falls, it will take Fire. But as this Image is not very ſmall, 
not only by Reaſon of the Magnitude of the Sun itſelf, but alſo 
becauſe the Picture is imperfect *, by Means of a ſecond convex 
Lenſe L, through which the Rays become more converging ., 
the Space is narrow'd in which the Combuſtion is made. 

This ſecond Lenſe is chiefly neceſſary, when the firſt Lenſe is 
large, of the Diameter of two or three Feet. By theſe the Vio- 
lence of the Fire is greatly increas'd. | 
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SCHOLIUM. 
Demonſtrations of the Rules, concerning Refractions through Glaſſes, 
delivered in Numbers 3030, and 3035. 


ET there be a Lenſe U terminated by two ſpherical Surfaces ; let C 3054. 
and D be the Centers of the Surfaces. Let us ſuppoſe a Ray to be Pl. gg. 
given, Which coincides with the Axis of the Lenſe, and paſſes along F. 3, 4, 5. 
EUR in a right Line; let AB be a Ray at a little Diſtance from it, 
and parallel to it, the Point F is ſought, in which ſuch Rays wou'd meet, 
after their paſſing through the Glaſs, with the Axis, or wou'd meet being 
continued backwards. 
Let R be the Point, to which theſe Rays come, whilſt they penetrate 
into the Glaſs, that 1s, R 1s the imaginary Focus, or Point of Diſperſion, 
of the Rays in the Glaſs after the firſt Refraction. 
Let E be the Point to which parallel Rays would come, that proceed 
from a contrary Part, if they ſhould penetrate into the Glaſs, through the op- 
polite Surface, and continue their Motion in it. Moreover let the Ratio 
which is given between the Sine of Incidence in the Air and the Sine of 
Refraction in Glaſs, be that which is given between n and 7. 
We have EV, EC::KV.KD:': : mw; n* * 2919, 
By Converſ. and Altern. EV, RV : : CV, DV. 2922. 
By Compoſ, or Diviſ. RE, RV: : DC, DV. 
The ſame firſt Proportion gives by Diviſ. CV, EC:: m—n: n; 
57 1 Xx CV | 
that is, EC 332 
The Rays, which in the Glaſs are directed towards R, are in the Air 
directed towards F, in ſuch manner, that 
RR; RV: „ EC, VEI z,: DC, DV. 2930. 2989. 


If for Ek d par EEE 


m— 1 
8 Ln , VF; whence the Rule of N. 3030 is immediately 


deduc'd. ä | 

Let V be the Lenſe; R the Point of the incident Rays; E the Focus 303g. 
or. Point of Diſperſion of parallel Rays proceeding from a contrary Part; Pl. 100. 
F the Focus, or Point of Diſperſion, of the Rays coming to R is ſought F. 1, 2, 3. 
of the incident Ray RB, or 7B, BF; or Bf is refracted; if EB, or 
e B, be the incident Ray, Ba“ will be refracted, and in direct Rays, a * 2789. 
little diſperſed, the Angle R BE, or RBe, which the incident Rayͤs 
make, is to the Angle, which the Rays refracted in the Glaſs make, as 
the Sine of Refraction in Air to the Sine of Refraction in Glaſs: So alſo 
the Angle, which theſe laſt in Glaſs contain, is to the Angle which the 
Rays retracted in the Air make, that % to the Angle a B F, or 4B Js 88 

2 | the 


the Proportion is changed into this CD : 
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Book V 
® 2809. the Sine of Incidence in the Glaſs “ to the Sine of Refraction in the Air: 
mh Fl. g. but theſe Ratios mutually deſtroy .one another; therefore the Angles are 
BE or BBe, aB F; or aB; to which laſt BF U is equal. Therefore 
the Sine of the Angle E B R and BF U, have the ſame Ratio to the Sine 
of the Angle BRU. © n 5 
923.2924. The firſt of theſe Ratios is that, which is given between RE and E B- 
or EU. The ſecond is the Ratio which is given between RB and FB. 
or RU and FU; becauſe UB is ſmall. Therefore 
| RE, EV: : RV, FV. 
By a Converſion of the Ratio RE, RV : : RV, RF. Which we 
had in N. 3035. | 


CHAP. X 


0 F the 5 ight, where we ſhall ſpeak of the Conſtruction 
of the Eye. 


2056, © HE Properties and Laws of the Refraction of Light which 
| we have explain'd, are of great uſe in Objects to be repre- 
ſented to our Mind. | 
By theſe Laws Objects are painted on the Bottom of the Eye 
very beautifully adorned with their proper Colours ; and this Pic- 
ture is the Occaſion of the Ideas, which are excited in the Mind 
* 2974. with regard to Things ſeen, as will be ſhewn in what follows *. 
But how this Picture may be made in the Eye, cannot be ex- 
| plained, without examining the new Property of Light, namely 
| the Diviſibility of the Rays exceeding our Comprehenſion. 
2047. There are ſeveral opaque Bodi es, when exactly poliſhed, except 
| ſuch as are perfectly black, if there be any ſuch, that have the Pro- 
perty of dividing Light; for they refle# the Light ſo, that the Rays 
which are driven back from every Point are divided, and recede 
every Way ; and ſo as every Point of the Body becomes as it were a 
radiant Point, from which the Light goes every Way. 
3058. Hence we deduce a Method to paint Objects upon a white 
Plane; for all the Points of an enlighten'd remote Body, from 
which the Rays come upon a convex Lenſe, have their Focus 
| * 3011. behind the Lenſe *, the Foci of diſtant Objects, though not exact- 
ly, are ſenſibly at the fame Diſtance from the Lenſe ; thoſe Objects 
by theſe Foci may be repreſented in the fame Plane; as was faid 
* 3047. before of Flame . This Repreſentation, as was faid of that, is 
inverted, becauſe of the Interſection of the Rays in paſſing * 
| N the 
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the Glaſs, and is ſenſible in a dark Place in which the Light no Way 
comes, but through the Lenſe, and only that by which the Objects 
are painted. 

This will do wherever the Lenſe is placed, and in reſpect of all 3059. 
the Points of Objects, enlighten'd by the Rays of Light, from 
which right Lines may be drawn to the Lenſe without Interruption ; 
thus we prove by the ſame Experiment the aforeſaid Diviſibility in 
Light, and the Aptneſs of Light to be divided by the Bodies that 
reflect it. | 

EXPERIMENT I. 


Let there be a Hole in a dark Place oppoſite to ſeveral Objects, 4060. 


that are at leaſt fifty feet off, or farther : In this Hole place a con- 
vex Lenſe, which collects parallel Rays at the Diſtance of about 
four or five feet; if a white Plane be placed behind the Lenſe a lit- 
tle farther from it than the ſaid Diſtance, all the Objects will be 
painted upon it in very beautiful Colours: We muſt obſerve that 
by the Motion of the Plane, or of the Lenſe, the Diſtance is diſco- 
ver'd, at which the Objects are repreſented very exactly. 

But the extraneous Rays muſt be intercepted ; to which End, we 
"ppl at the Side of the Objects, to the Plane itſelf, in which the 
Glaſs is inſerted, a hollow Cylinder, in ſuch manner, that the Glaſs 
may be in the Middle of the Baſe, the other End being left open ; 
the inner Surface of the Cylinder muſt be made black. | 

This Repreſentation of the Objects has a great Affinity with that 
by which the Objects which we ſee are painted in the Bottom of 
the Eye, as will be Evident from the make of the Eye. 


The Figure of the Eye, when taken out of the Head, is almoſt 3061. 
ſpherical ; the fore Part only being ſomewhat more convex than pl. 100. 


the other. 


Fig. 6. 
The Section of the Eye is repreſented in this Figure. 3 


The Part A A, which is the moſt convex, is tranſparent, and 3062. 


called the Tunica cornea. 


The whole Integument, or Covering of the Eye, except the 3063. 


Cornea, is called the Sclerotica, BAA B; the fore Part of the 
Sclerotica, which is next to the Cornea, covered with a thin Coat, 
is called the Adnata; which alſo, by Reaſon of it's Colour, is 
called the white of the Eye; the Adnata covers the Cornea alſo, but 
it is ſo thin there, as not to be diſcovered without Difficulty. 


On the Inſide, there coheres a Coat with the Cornea, along the 306. 


Circumference, called the Uvea, which is plane, and has a Hole in 
the Middle of it pp, which is called the Pupil. 


The 
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3066. 


3067. 


3068. 


3069. 


* 2936. 
Pl.96.F.1. 
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The Uvea is made up of concentrical circular Fibres, interſected 
by ſtraight Fibres, at right Angles tending to the Center; if the firſt 
are ſwell'd, the laſt are relaxed, and the Pupil is lefſen'd or con- 
tracted ; and a contrary Motion of the Fibres increaſes or widens it. 

In the middle of the Eye, but near the fore Part, there is a 
tranſparent ſoft Body CC, in the Figure of a convex Lenſe, whoſe 
hind Part is more convex than the fore Part. It is called the chr 
talline Humour; the Axis of it coincides with the Axis of the Eye, 
that paſſes through the Center of the Pupil, and that of the Bulb of the 
Eye. | 

This chryſtalline Humour is ſuſtain'd by ſmall Fibres or Threads, 
which are fixed to all the Points of it's Circumference, and likewiſe 
to the Inſide of the Eye: They are bent in Figure of an Arch, 
and every one of them is a Muſcle, being called Ligumenta ciliaria, 
two of which are repreſented by /C, /C. They all cohere to one 
another, and together with the chryſtalline Humour, make a Se- 
paration in the Eye, and divide it into two Cavities, one forward 


5 p, and the other backward 8 8. 


The foremoſt Cavity is fill'd with a Liquor like Water, and is 
call'd the aqueous Humour. 

The hindermoſt Cavity is fill'd with a tranſparent Humour, nearly 
of the ſame Denſity with the aqueous Humour, but not ſo fluid, 
called the vitreous Humour. 

The hindmoſt and inward Surface of the Eye is covered with a 
Coat, call'd the Choroides, which is again cover'd with a thin 
Membrane call'd the Retina. | 

At the back Part of the Bulb of the Eye, a little on one Side, 
is the optick Nerve NN, fo join'd to the Eye, that the Eye itſelf 
is, as it were, an Expanſion of the optick Nerve ; for the expanded 
Coats of the Nerve form the Choroides and the Sclerotica ; and the 
Fibres of which the Retina conſiſts, do concur, and form the 
Marrow of the Nerve. 

The Eye moves in the Head by ſeveral Muſcles cohering in the 
Sclerotica ; but we ſhall not treat of them here ; for as we only 
conſider the Eye, with regard to the Motion of Light, we deſign- 
edly forbear taking Notice of any Thing elſe. 

The Rays proceeding from any Point, and entering into the Eye through 
the Pupil, go out of a leſs refracting into a more refracting Medium, 
through a ſpherical Surface; and therefore i that Point be at a convent- 
ent Diſtance from the Eye, the Rays will converge after Refrattion * ; 
as in the Experiment N. 2978. in which the Glas V repreſents the 
tranſlucid Cornea of the Eye, whilſt the Water in the Box repreſents 


aqueous 
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the aqueous Humour; and therefore, ſuppoſing the Cornea, and the 3070. 
aqueous Humour, and there will be in the Eye an inverted Picture 
of the Objects *. * 3057. 
EXPERIMENT 2. 

| Let there be the Box P juſt mention'd, containing Water; let 30771. 
this be plac'd at the Diſtance of ſome Feet from an open Window, Pl. 1 0. 
through which only Light enters into a Chamber ; if at a certain F ig. 6. 
Diſtance from the Window there be external Objects illuminated 
with the Sun's Rays, and that be obſerv'd, which was explained in 
the 15th Experiment of Chapter 8 *, we ſhall have at T the in- * 2978. 
verſe Picture of the Objects, as was explain'd concerning the Can- 
dle in the ſaid Experiment. | 

The Picture juſt mention'd in the Eye, an Imitation of which 4072. 
we have in this Experiment, wou'd be at too great a Diſtance from 
the Cornea, and beyond the Bottom of the Eye; therefore the 
Diſtance is diminiſh'd by Means of the chry/talline Humour, whoſe 43073. 
refracting Force overcomes the refracting Force of the Mediums 
that ſurround it ; the Rays converging in the aqueous Humour, go 
beyond the chryſtalline Humour, into the vitreous Humour ; that 
is, from a leſs refracting Medium, through a more refracting Me- 
dium, terminated by two ſpherical convex Surfaces, into a leſs re- 
fracting Medium; by which Motion the converging Rays converge 
the more *; and therefore they meet the ſooner, and the Picture * 30 12. 
abovemention'd falls within the Eye. 


EXPERIMENT 3. 


The ſame Things being given, which were in the foregoing Ex- 3074. 
periment, put into the Box, at a ſmall Diſtance from the Aperture, Pl. 100. 
through which the Light enters, a Piece of Wood, which has a con- Fig. 6. 
vex Glaſs joined to it, which collects the parallel Rays at the Diſtance 
of one Inch in the Air x. To have the Picture exact, The Board T* 2763. 
muſt be mov'd towards V. 

In this Experiment we have an artificial Eye, which exactly re- 3075. 
preients the natural Eye. The Glaſs V repreſents the Cornea, the 
convex vitreous Lenſe repreſents the chryſtalline; the Board T muſt 
be look d upon as the Bottom of the Eye; the Water repreſents the 
aqueous and vitreous Humours ; for the Light undergoes an equal 
Refraction in both theſe Humours. 

The Objefs, which, as has been explain'd, are painted upon the 3076. 
Bettom of the Eye, are delineated upon the Retina; and by the Motion 
of the Light ; the ſmall Fibres, of which the Retina conſiſts, are put into 


Motion ; 


3086. 
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Motion; by which» Agitation we ſee the Objects "ogy age But how 
this happens, muſt be explained more clearly ; for which End, I 
ſhall now add ſeveral Things to that, which has been deliver'd 


above, concerning the Senſations *, where we treated of Sound. 


The Perceptions anſwer to the Motions of the Nerves *, and in- 
deed in ſuch manner, that, in a well order'd Body, there is never 
any Motion of a Nerve, without immediately cauſing a Perception 
in the Mind. 

Notwithſtanding there is nothing common between the Motion of the 
Nerve, and the Perception, which anſwers to it. 

Therefore neither is there any Thing common between the Object, 
which cauſes the Agitation of the Nerve, and the Perception, that 
is, between the Perception and the Objects that are perceiv'd. 

Therefore the Senſes teach nothing of themſelves. 

The Touch alone is excepted ; becauſe this ſhews the different 
Reſiſtances of Bodies, from which we. immediately learn many 
Things concerning Bodies. 

All the Senſations have this in common; that the ſame Perceptions 
are again preſent to the Mind, as often as the ſame Circumſtances 


return, 

Now by comparing together, what we diſcover: by different 
Senſes, relating to different returning Circumſtances and chiefly by 
conſidering what the Touch teaches us, by long Experience we at 
laſt acquire a Faculty, whereby we diſtinguiſh many Things re- 
lating to external Objects. | 

But ve never diſtinguiſh any Thing by the Senſes, except there be 
preſent a peculiar Senſation, diſtinct from every other; which, as it 
1s never regularly preſent, excepting certain Circumſtances *, the 
Knowledge of which we have acquir'd by long Uſe, their com- 


. pariſon + being ſhewn, the Idea of the Circumſtances, that is, the 

Idea of thoſe Things, which we diſcover concerning an Object, is 
foin'd with the Senſation it ſelf, ſo as never afterwards to be ſeparated 
from tt. e 


In many Caſes, Men join together Ideas which have nothing 
common, which moreover they look upon as inſeparable, and 
which are join'd together by Nature; but theſe do not belong to 
this Place, we have ſpoken of them in our Logick ; in which allo, 
we have more fully explain'd, what relates to the Senſes. 

But let us return to Viſion. All the Rays, which proceed from 
one viſible Point, mecting where that Point is painted on the Bottom 
of the Eye, produce there a certain Agitation of a. ſmall Fi bre di j cn 
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om every other, and a like Agitation is produced by all the Points 
of the Object, which 1s delineated in the Eye. 


Therefore Viſion is only diſtinct, when the Objects are accurately 
ainted on the Bottom of the Eye *. 


177 


3087. 
* 3084. 


When Rays, proceeding from the ſame Point, are not exactly join'd 3088. 


on the Retina, the Picture of it is not a Point, but a Spot, which is 
confounded with the Pictures of the neighbouring Points, in which 
Caſe the Viſion is indiſtinct. 

But as, according to the various Diſtance of the radiant Point, it's 
Focus is more or leis removed *, it is neceſſary, that there be a Change 
in the Eye, that the Place in which the Picture is exact may not 
fall before or behind the Retina, and that the Viſion be not confus'd. 

There are ſeveral Opinions of Philoſophers concerning this Alter- 
ation of the Eye; on which I ſhall make this general Obſervation, 
that it is not at all probable, that the Figure of the whole Eye is alter d, 
in order to remove further or bring nearer the Retina, and that the 
Alteration is to be ſought for in the Inſide of the Eye. 

For if the Figure of Eye ſhould be changed, as this Change is 
equally neceſſary in all Animals, of which we are ſpeaking, the 


Figure of the Eye will undergo the ſame Changes in all Animals ; 


for we do not find different Cauſes of the ſame Effect in Nature. 
But in the Whale the Sclerotica is too hard to be liable to Alteration. 
Moreover if there be ſuch an Alteration in the whole Eye, it will 
ariſe from the Preſſure of the external Muſcles, which are different, 


according to the different Poſition of the Eye, and regular in one 
Caſe only. 


Beſides there cannot be a Change of Figure great enough, that 


Viſion may be diſtinct at the Diſtance of an hundred Feet, and at 
the Diſtance of two Inches; but there are Men whoſe Eyes are al- 
ter d enough, to ſee diſtinctly in theſe different Circumſtances ; 
which cou'd not be, without almoſt doubling the Length of the 
Eye, if we attribute diſtinct Viſion to this Cauſe. 

Now if we examine the Inſide of the Eye, it will appear that 
the Alteration is neceſſarily in the Chryſtalline ; which by a Removal 
in the Eye, or by an Alteration of it's Figure, will produce the 
defired Effect; for the Rays, which cut the Retina before they 
meet, wou'd meet on the Retina if the chryſtalline Humour “ be- 
comes more convex ; or if, it's Figure being kept, it be carried 
more to the fore part of the Eye. 

It is plain from this that the Pofition of the chryſtalline Humour 
75 ealily altered, and that it approaches tmwards the Retina, and rg- 
T0 XL. Is, As- cedes 


3089. 
* 2936. 


3090. 


3091. 


3092, 


3993. 


3807. 


3094. 
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＋ 3112. 


3098. 
3099. 


3100. 


. Alteration in the Eye. But this ſecond Change belongs to the 


fad *, whence it is enquir'd, why Objects appear erect? To this 


. Which always become preſent, when like Circumſtances return “; 
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cedes from it, it's Axis remaining, becauſe the ciliary Ligaments 
nu omg When theſe Muſcles are inflated 1 hone | kg 
the Cavity which is form'd at CJ, CJ, from the Inflection of theſe 
Ligaments is diminiſhed ; whereby the vitreous Humour is com. 
preſs d, which itſelf preſſes upon the chryſtalline Humour, and drives 
it forwards, and increaſes its Diſtance from the Retina; which is 
requir'd in the Viſton of near Objects &. 

But this Removal is not ſufficient ; therefore there is alſo another 


Chryſtalline alſo; which, when it is drawn by the ciliary Ligaments, 
whereby it recedes from the Bottom of the Eye, becomes more plain; 
wherefore there is requir d a greater Change of Figure, than if it kept 
it's Pofitron ahways the fame ; that is, the Alteration is more ſenſible, 
which we ſhall fee is of a certain Uſe *; Which nevertheleſs, in 
Men that have two Eyes, is for the moſt part fmall *. 
Theſe Alterations in the Eye have their Limitation, thence alſo 
the Objects appear diſtinct only within certain Limits, at different 
Diſtances, according to different Eyes; and very often, in the fame 
Man, but yet have not the ſame Limits; which is of almoſt the fame 
Uſe, as if the Limits for both Eyes were at a greater Diftance from 
one another; for it is ſufficient to ſee an Object diſtinctly with one 
Eye only. | : 
ho A alſo the neareſt Limit with reſpect to one Eye is at a 
greater Diftance, than the more remote Limit with reſpect to the 
other Eye; in this Caſe the near Objects, and thoſe that are very 
remote, are ſeen diſtinctly, the intermediate ones appear confuſed. 
The Picture at the Bottom of the Eye is inverted, as has been 


we anfwer by another Queſtion ; whether a Perfon can better con- 
ceive the Connection between the Idea in the Mind and an erect 
Figure, than an inverſed one? We muſt confefs that we conceive 
no Connection in either Caſe : But by Experience we acquire a 
Faculty of judging concerning Objects by Means of their Senſation, 


and it matters not in what Poſition the Fibres are, if the Senſations 
in different Circumftances be but different, and the ſame in the 
fame Circumftances. Our Mind does not behold the Picture be- 
ing plac'd in a Corner ; our Mind joins with certain Senſations, 
Ideas acquir'd elſewhere *. 
If we behold the ſame Objects with both Eyes, only one appears; 
and that in that Cate only when. the Object is painted on — 
ent 
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dent Points of the Retina. This is by ſome attributed to the | 
meeting of the optick Nerves ; they affirm that in thoſe Animals, 
who ſee the fame Object with both Eyes, the optick Nerves meet, 1 
befort they arrive at the Brain to which they arrive when they are 144 
ſeparated again. | 

But this is not the true Cauſe ; for in the Cameleon, who directs 3 103. 1 
one Eye towards the Sky, whilſt he beholds the Earth with the : 1 
other Eye, the Nerves are confus d in the ſame manner, as in Man; 14 
though generally in Animals, that behold different Objects with | 
each Eye, the optick Nerves are ſeparated from the Eyes to the 
Brain, 

The true Reaſon why one Point only a 8, is Experience; +104, 
which has conſtantly taught us, that the 800 Nenlstion ads from 2 
correſpondent Points of the Nerves proceed from one Point; and 
thus being join'd together in the Mind, theſe two Senſations are 
now join'd with the Idea of a viſible Point, ſo that they cannot be 
ſeparated by us; as the Senſation, ariſing from one only Agitation 
of the Nerve, is confounded with the Idea of a viſible Point, and 
thus it is manifeſt that the two Senſations may be confounded with 
the ſame Idea; if it ſhall appear by conſtant Experience, that theſe 
always depend upon one viſible Point only. 

Therefore the correſpondent Points are thoſe, on which the ſame 3105. 
Point is painted in both Eyes at the ſame Time. Theſe Points 
may differ in different Men, they may alſo vary in the ſame Man; 
for if the Poſition of the Chryſtalline be alter d by a Blow, or any 
other Way, or if the Eye undergoes any other Alteration, the 
Picture of the Point may fall upon another Fibre, other Things 
remaining the ſame ; the Object in this Caſe appears double; but 
in a Length of Time this Inconveniency diminiſheth, and at laſt, 
after a long Experience, vaniſheth. 

But in well diſpoſed Eyes the correſpondent Points are in Circles 4 106. 
mw to one another, and which, in each Eye, paſs through the 
Point in which the Axis of the Eye paſſes through the Retina, and 1 
in theſe Circles are equally diſtant on both Sides from theſe Points. 1 

Only one Point can be ſeen diſtincily at the ſame Time, namely, that 3 107, "i 
which is repreſented in the Axis of the Eye; this only is painted by 
direct Rays; in the other the Rays are oblique, and the Viſion lels 
diſtinct *. * 2037.20417, 

Therefore, when we behold a Point with both Eyes, we direct 3109. 
the Eyes in ſuch Manner, that the Axis of both Eyes continued 
may meet in it; we eaſily perceive that this is the Caſe, when 5 

Aa 2 x 
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fix our Eyes upon any Point; otherwiſe we view ſeveral Pointz 
ſucceſſively with our Eyes, by directing our Eyes in ſuch Manner 
that now one and then another may be diſtinctly repreſented in 
both Eyes; but when this is done on a ſudden, inſtead of all the 
Points of an Object, not very much extended, we do as it were 


diſtinctly ſee the whole Object at one View. 


3109. 


3110. 


1 3039. 3096. 


3111. 


It is manifeſt that there are different Senſations, and for various 


Reaſons, from the Light running againſt the Fibres of the Retina; 


but theſe are not ſufficient, we ought to have regard to other Things, 
in the judging of Diſtances; but that we may diſcover the Figures 
of Objects, and judge of their reſpective Situation; we ought to 
know the Diſtances of all the Points from the Eye. 

When we behold a Point, the chryſtalline Humour puts on a pe- 
culiar Figure, which is different, according to the different Diſtance 
of the Point, and is always the ſame at equal Diſtances * ; but as 


3 


this Alteration of the Chryſtalline is inſeparable from a certain de- 
termined Senſation, we acquire by Uſe a Faculty of judging of Diſtance; 
which we always conceive the fame as often as there is the ſame 


Senſation. _ | 


3112. 


3113. 
23109. 


3114. 


But this is of uſe only, when the Diſtances are ſmall; for then the 
Alterations are greater. But when their Diſtances are a little greater, 
the Judgment concerning them is leſs certain with one Eye; becauſe as 
we are leſs accuſtomed to judge of Diſtances with one Eye, the 
ſmaller Alterations are not enough ſenſible to us. 
When we behold a Point with both Eyes, we direct the Axes of 
both to this Point, ſo that the Axes are more or leſs inclin'd to one 
another, according to the leſs or greater Diſtance of the Point *. 
This Alteration of the reſpective Poſition of the Eyes is ſenſible 
to us, and indeed in ſuch Manner, that it is join'd with Pain if we 
only conſider a near Point remov'd to the Diſtance of three or four 
Inches only. Therefore without Attention we acquire by Ule a 
Faculty of judging of Diſtance, from the Direction of the Axes, 


which is ſenſible to us, becauſe it depends upon a Motion of the 


Eye that is ſenſible to us. Therefore we ſee the Uſe of two Eyes 
plac'd at a certain Diſtance from one another; as hong as this Di- 


ſtance of the Eyes has a ſenfible Ratio to the Diſtance of Objects the 


3115. 


Judgments made concerning this Diſtance is certain enaugh. 

Judgment is made concerning great Diſtances from the apparent 
Magnitude, Colour, and other Circumſtances + If we conſider known 
Objects, which alſo we owe to Experience ; for we call to our 
Aſſiſtance every thing that is known to us concerning an Object, 
when the Mind judgeth of it's Diſtance. I. 
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It is impoſſible to judge of very great Diſtances, except the ſame Object 
be ſeen from different Places, 

The —_— Magnitude of an Object, depends upon the Magni- 
tude of the Picture on the Bottom of the Eye ; which depends 
upon the Angle, under which the Object is ſeen, that is, which is 
made by Lines drawn from the Extremities of the Object to the 
Eye. 9 899 | 

7 he faid apparent Magnitude muſt be diſtinguiſhed from the 
Magnitude, which our Mind attributes tb an Objects ſeen; this laſt 
depends upon the Judgment which is not founded upon that Ap- 
pearance only ; but is deduc'd from all, that is known to us con- 


jet appears the leſs, according as it is more diſtant ; from whence 
it ts, that according to the greater Diſtance of the Object, if it be 
known, the apparent Magnitude of the Object is increaſed in the 
Judgment ariſing in the Mind, which is done indeed without our 
perceiving it. Therefore the ſame Object, at the ſame Diſtance, 
appears of a different Magnitude, if we judge differently of the 
Diſtance. 

The Sun and Moon are remarkable Examples of this, which 
appear greater when they are near the Horizon, than at a greater 
Height; though, as Aſtronomers know, the Sun's Picture in the 
Bottom of the Eye is the ſame in both Caſes, and that of the Moon 
is leſs, when it appears greater near the Horizon; we cannot judge 


cauſe of the Interpoſition of Fields and the Heavens. But it plainly 
appears that this is the true, and only Cauſe of this Phenomenon, 
if we look at the ſame Bodies through a Tube; this apparent 
Diſtance vaniſhes, and with it the Magnitude deduc'd from it. But 
from our Infancy, and ever after, we get a Habit perpetually of 
joining the Idea of Diſtance with the Increaſe of apparent Magni- 
tude (which is neceſſary to make a true Judgment concerning the 
Magnitude) by which theſe Ideas are fo cloſely connected, that they 


they lead us into Error. 


cerning the Object. Every one knows, for Example, that the Ob- 


3119. 


of the Diſtance * ; but it appears greater nearer the Horizon, be- * 3116. 


cannot be ſeparated *, not even in thoſe Caſes in which we know x 308 5. 
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CHAP. XI. 


07 Viſiom through Glaſſes, and the Corrections of ſome 
- Faults of the Eyes. 


N Object is viſible, becauſe all it's Points are radiant Points *, 


Lint, 4 A therefore a Point appears in that Place from whence divers 


" Wh s are emitted T. Except as far as we ſuppoſe another Di- 
+ : _ = by reaſon of different Circumſtances ; Te ſpeak here of 
* 2112. Viſion with one Eye only, and the Judgment is uncertain &. 
; 3122. Tf Rays any how inflected, enter the Eye diverging, the viſible Point 
will be in the imaginary Focus of the Rays, for theſe Rays enter the Eye 
exactly in the ſame Manner as the Rays which came directly from 
the Focus would do; and the ſame Situation of the chryſtalline 
Humour is required in order for them to unite in the Retina: So that 
in regard to a Spectator it matters not whether thoſe refracted Rays, 
or thoſe direct Rays, enter the Eye, and there will be the fame 
* 3089.3111. Motion in the Eye when it fits itſelf for diſtinct Viſion &. 
3123. Point appears the more enligbten d, the greater the Number st 
Rays coming from it is, that enters the Eye. 

3124. I ſhall ſay nothing of the Magnitude and Diſtance, which we at- 
tribute to an Object ſeen through Glaſſes; I ſhall only ſpeak of the 
apparent Magnitude and of the Diſtances, to which the Points are 
-remov'd, from which the Rays ſeem to come, by which the Points 
of the Object are painted upon the Retina. Every thing elſe is un- 
certain, and, what is deliver'd by Optick Writers concerning this 
Matter, often contradicts Experience. Different Men, in the ſame 
Circumſtances, judge differently of theſe Things; and the ſame 
Man, whilſt he beholds equally remote Objects ſucceſſively through 
the ſame Glaſs, the Eye being placed at the ſame Diſtance, does 
not always judge of their Magnitude and Diſtance in the fame 

Manner. 

3125. But it appears from other Things how uncertain the Judgment 
concerning Diſtance is; let any one look at an Object through a 
Glaſs, and judge of the Diſtance, and let him place the Object and 
Glaſs in ſuch Manner, that a Point of the Object may be ſeen in 
a Limb itſelf of the Glaſs, whilſt no Part of the Object is ſeen 
without the Glaſs ; let him alſo bring near another Object in ſuch 
Manner, that he may perceive this without the Glaſs, with the 
ſame Eye, with which he ſees the Object through the Glaſs, and in- 


I deed, 
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deed, ſo that the Objects may appear join'd, and he may ſee nothing 

of this Object in the Glaſs; and that both Objects may appear in the 

fame Plane; if then, the Glaſs being remov'd, a Spectator judges 

of the Diſtance of the laſt Object, this will not appear the ſame as 

that, which he judg'd of the Object ſeen through the Glaſs. 

Objects that are ſeen through a plane Glaſs, terminated by two paral- 3126. 
kl Planes, appear to be nearer than when view'd with the naked Eye. Pl. 101. 
Let A be a viſible Point; the Rays going from it and entering the Fig. 1. 
Eye are between Ab and Ab; theſe being refracted in the Glaſs 
VV, move along bc, bc; and go out through cd, cd, which are 
parallel to the Lines A b, Ab*: But becauſe bc, bc are refracted * 2792. 
towards the Perpendicular +, c d, c d, fall between & A and 6A; + 2787, 
that is, they cut one another in a, which is lefs diſtant than A; 
therefore the imaginary Focus of the Rays, which enter the Eye, is 
at a, in which the Point A appears to be “. * 3122. 

The ſaid Point alſo. appears more enlighten'd. For all the Rays 3127. 
that are between Ab and Ab enter the Pupil between 4 and 4; 
but fince the Lines A and Ab are parallel to the Lines cd, cd, 
and theſe Lines are between thoſe, A and Ad being continued, 
would fall beyond d, and d; and ſo if the Glaſs was taken away, 
the Rays which now enter the Pupil would take up a greater Space, 
and conſequently would not all enter the Eye. Every Point that is 
brought nearer to the Eye, appears more enlighten'd, and thus the 
Caſe is in this Matter; for if the Pupil, it's Aperture remaining, 
ſhould not be at a greater Diftance from the Point A, than it 1s 
now remov'd from the Point of Diſperſion a, the fame Rays would 
enter the Pupil, which follows from the Equality of the Angles 
Ab, cac, made by the parallels þ A, ca, and A, ca. 

The apparent Magnitude of an Olject * is increaſed when ſeen 3 128. 
through a plane Glaſs. The Object AE is ſeen by the naked Eye, Pl. 101. 
under the Angle Ad E; but upon the Interpoſition of the Glaſs Fig. 2. 
VV, by reaſon of the Refraction through Abcd and E & c d, it ® 3117, 
appears under the Angle c 4 c, which 1s greater than the laſt. 

The Increaſe of the apparent Magnitude is the greater, the 4 129, 
more the Angles A E, and cdc differ; whoſe Difference in- | 
creaſes with the Acceſſion of the Interſections of the Lines A d, bc, 
and E d, bc, towards the Points & and þ; this obtains in the Ac- 
ceſſun of an Object towards the Glaſs; and therefore it is greateſt of 
all, when the Object touches the Glaſs; which proves that Objects 
inclos'd in the Glaſs itſelf appear magnified alſo, 


And. 
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And in general, when the Eye is plac'd in a leſs refracting M. 
dium, the Object that is ſeen in a more refracting Medium appear, 
bigger, and by the Refrattion is brought nearer too *. "Theſe Thing; 
are confirm'd by daily Experience, with reſpect to Objects ſeen in 
Water. WIT | 

Let there be a Point A ſeen through a convex Lenſe VV, the Object 
being plac'd between the Glaſs and the Focus of parallel Rays pro- 
ceeding from the Side of the Eye, the Rays Ab, Ab, go out lei; 
diverging at cd, cd, namely as if they proceeded from 2a *; and 
therefore the viſible Point is remov'd to a greater Diſtance +. I. 
appears more illuminated alſo ; for the Rays approach nearer to one 
another by paſſing through the Glaſs *, and are reduc'd into a leſs 
Space ; wherefore they enter into the Pupil in a greater Number 
alſo, | 

The apparent Magnitude of an Object, if the Eye be not ap- 
plied to the Lenſe, is alſo increas'd ; that is, the Object, in the 


F. 4, & 5. Circumſtances mention'd, appears under a greater Angle beyond the 


® 43012. 


＋ 3011. 
3134. 
23 
＋ 3118. 
3135 


nt. 


convex Glaſs, which is evident by the Inſpection of the Figure: 
The Object A E, ſeen with the naked Eye, appears under the An- 
gle Ad E; but now it appears under the Angle cdc, which is 
greater: For (in Fig. 4.) the converging Rays Ab, Eb, do converge 
more as they go out of the Lenſe *, or diverging (in Fig. 5.) do 
come to the Eye converging +, therefore the Object appears magni- 


fied ; but, as has been already obſerv'd *, the Magnitude which we 


attribute to an Object is not in the ſame Proportion with the apparent 
Magnitude r. 


Objects are not always viſible through a convex Glaſs. For that 
a Point may appear diſtinct, it is required that the Rays proceeding 


from that ſhould enter the Eye diverging *, and that the imaginary 


Focus of thoſe Rays, in regard to the Spectator, ſhould fall within 


„3122. 3098. he Limits of diſtinct Vifion *. If the Object be removed beyond 
3136. the Focus of parallel Rays, the Rays coming from a Point of the 
* 3011.3035. Object, enter the Eye converging * ; which Caſe is impoſſible to 


3137- 


* 3058. 


® 3381. 


the naked Eyes; in this the Viſion is always confuſed. 

Fin this Caſe the Eye be fo remov'd, that the Rays, proceeding from 
a viſible Point, meet by Refraction, before they come to the Eye, there 
are rad:ant Points in all the Points, in which the Rays meet, namely 
the Foci of all the Points of the Object, whereby the Object is re- 
preſented inverted upon a white Plane *, and which are the viſible 
Points with reſpect to the Eye to which the Rays can come after 
Interſection &. In this Caſe the Object appears inverſe ; becauſe po 

I 0 
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do not ſee the Object itſelf but the Repreſentation of it behind the 
Glaſs, which we ſaid was inverſe * ; and we carry this beyond the * 3048. 
Glaſs in Imagination, * 
We have ſaid that the Caſe is impoſſible to the naked Eye, in 3138. 
which the Rays coming from a Point enter the Eye converging; 
and ſo ſuch a Viſion is always confuſed; becauſe the Make of the 
Eye cannot adapt itſelf to an impoſſible Caſe: Yet ſometimes, but 
rarely, in this Caſe too, Objects appear diſtinct; which as it proceeds 
from a Fault of the Eye, by which al diſtinct Viſion is taken away 
from the naked Eye, I did not think it neceflary to take Notice of 
theſe Exceptions of the general Rule. 
The Fault of moſt Old Men's Eyes is, that they ſee remote Objects 3139. 
diſtinctly, and near ones appear confuſed ; which fault 7s correfed 
by the Interpoſitiou of a convex Lenſe, The Rays flowing from a 
Point which is near meet beyond the Retina; paſſing through a 
convex Glaſs, they will diverge leſs as they enter the Eye, and fo 
meet within the Eye ſooner ; that is, come to the Eye, as if they 
came from a Point more remote, ſuch as is ſeen diſtinctly by an old 
Man. 
Objects appear to be nearer, leſs enlighten'd, and leſs when ſeen 3140. 
through a concave Glaſs. 
The Rays A, A, and all the intermediate ones, going through 3141. 
a concave Lenſe, become more divergent *, and enter the Eye as Pl 101.F.6. 
if they came from a leſs diſtant Point a ＋, to which the viſible Point“ 3021. 
is transferr'd 4. + 2877. 
Upon the increaſing the Divergency of the Rays, they are more + 3122. 
ny rg and therefore they enter the Eye in a leſs Number, which 3142. 
leſſens the Clearneſs of the Point &. 3123. 
The apparent Magnitude is alſo leſſened, becauſe the Rays Ab, 3143. 
Eb, by which we ſee the Ends of the Objects, enter the Eye leſs Pl. 10 1. F. 7. 
converging *, and ſo the Angle cdc, under which the Object is ſeen * 3022. 
behind the Glaſs, is leſs than the Angle A d E, under which it ap- 
pears to the naked Eye: Therefore the Object will appear leſs . 3117. 
A concave Lenſe is proper for thoſe who only ſee near Objects diſtincily; 3144. 
ſuch are called Myopes, or are ſaid to be pur-blind ; remote Points 
appear through this Lenſe to be near *; and the Rays which con- * 3140. 
curred before they came to the Retina, now entering more diverg- 
ing, do meet upon the Retina. 
From all this we ſee, if we ſet aſide the Clearneſs of the Objects, 3145. 
becauſe through the Glaſs, as by the naked Eye, it depends upon 
the variable Magnitude of the Pupil, that all the Differences may 
Vo I. II. B b be 
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be brought to two, which are between the Vifion through the 
Lenſe, and the Viſion to the naked Eye; there is a Removal of the 
viſible Point, and the apparent Magnitude of the Object is alter'd, 
that is, the Picture at the Bottom of the Eye is alter d. We deter- 
mine this Removal of the vifible Point by the Rule deliver'd in 
Number 3035, concerning the Refraction of Light in it's Paſſage 
through a Lenſe. | 

But the Proportion between the Picture, ſeen by the naked Eye, 
and this, the Lenſe being made uſe of, is diſcovered by the follow- 
ing Method; from whence it follows that here is no Difference be- 
tween theſe Pifures, when the Eye, or the Object, is apply'd to the 
Lenfe itfelf. | 

Let V be a convex or concave Lenſe, O the Eye; AB the Object; 


Plate 102. F the Point of parallel Rays, proceeding from the Side of the Object. 
F. 1, 2, 3- Let there be fought a fourth Proportional VG, to F V, FO, VA; 


3149. 


3130. 


3 1 5101 ny 


3152. 


3153: 
3117. 


3184. 


let G be mark'd in ſuch Manner, that V may be with reſpect to A 
and G, as F is with reſpect to O and V, then OG will be to OA, 
as the Image without the Glaſs to the Image of the Object ſeen 
through the Glaſs ; and this Proportion is not alter d, though the Eye 
and the Object be tranſpoſed in ſuch Manner that their Places are 


changed. 


In the concave Lenſe (Fig. 3.) OG exceeds OA, and the Ob- 


ject is dirhiniſh'd ; if the Lenfe be convex and O be between F 


and V (Fig. 1.) the Image is always increafed. 

If O coincides with F, G coincides with V, and the Ratio 

ught is that which is between FV, and F A. 

That is, the Eye being placed in the Foctts of parallel Rays, 
the Picture of the Object through the Glaſs, at fat Diſtance ſo- 
ever we ſuppoſe this placed, is equal to the Picture of the ſame Ob- 


ject ſeen with the naked Eye at the Diſtance of the Glaſs placed 


from the Eye; for the Repreſentation of a Fire ſeen with the naked 
Eye encreafes as the Diſtance of that from this is diminiſhed ; for the 
apparent Magnitude follows the Ratio of the Angle under which 
the Object is ſeen , and this Angle, the Line remaining, which 1s 
the Baſe of it, is diminifh'd, as the Bafe recedes ; becauſe we ſpeak 
of the fame Angle. 

The Eye being remov'd further (Fig. 2.) beyond F, the Pheno- 
mena are different according to the different Situation of the Object, 
as will be ſeen in the Scholium following; in which we ſhall de- 
menitrate what has only been mention'd here. 
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There are Glaſſes that have one Surface plane, and on the other 
Side there are ſeveral plane Surfaces that make Angles with one 
another ; through theſe the Rays proceeding from the ſame Point 
ſuffer different Refractions; and by every Surface are made to enter 
the Eye in a different Direction, as if they came from a different 
Point: That is, the dame Point forms ſeveral imaginary Foci ; and 
therefore appears multiplied : For it is ſeen in ſeveral imaginary 


Faci * : Which as it happens in reſpect of every Point of the Ob- * 3122. 
4 the Object appears multiplied. 3156. 


ject, through ſuch a Polybedrous Len 


SCHOLIUM. 
Of the Alteration of the apparent Magnitude. 


W E have cen that the apparent Magnitude of an Object, ſeen 3157 
tho 


through a Lenſe, is alter'd “*. I ſhall now demonſtrate the Me- * 3133 31 40. 


by which I ſaid this Alteration was determin'd . + 3148. 
But we muſt firſt gblerve, that the Amplification, or Diminution of an 3138. 
Object, is nat the ſame through the whole Lenſe; but we neglect a ſmall 
Difference; we have determin'd the Alteration of that Part of the Object, 
through which the Axis of the Lenſe paſſes; that is, we have conſider'd 
only thoſe Points of the Object, that are near the Axis; of which only T 
ſhall now ſpeak. 


Suppoſing what was mention'd in N. 3148. moreover let o be the Point 3159. 


to which the Rays come, which being refracted meet at O, where the Plate 7". ARE 
Eye is plac'd ; therefore drawing Bo, which comes to the Lenſe at D, Fig. 1, 2, 3. 


the Ray BD is refracted along D O, the Line A B of the Object appears 
under the Angle DOV ; to the naked Eye the fame is ſeen under the 
Angle BOA. 
Therefore the Picture in the Eye, when a Glaſs is put between, is to 3160. 
the Picture in the naked Eye, as VD is to Vd; whole Ratio is made up 
of the Ratios of VD to AB, and AB to V4. 


The firſt is the Ratio of oV to A, the ſecond is that between OA, 3161. 


OV. 
We have VA, VG: : FV, FO“: : oV, OV. * 3148. 
By Alter. Comp. or Diviſ. and laſtly by Inverſ. „V, o A:: OV, OG. 3055. 
Therefore the ſaid compound Ratio is made up of theſe two Ratios of 
OA to OV and OV to OG, which is the ſame Ratio as that be- 
tween OA and OG, as has been ſhewn in the {aid N. 3148. 
Let us now ſuppoſe the Eye and Object to be tranſpoſed, the Eye to 3162. 
be placed at A, the Object at O; the Rays, that proceed from the Point 
O of the Object, enter the Eye as if they proceeded from o, as follows * * 2789. 
from the determination of this Point ; wherefore, inſtead of the Object + 315% 
at O, we ſee it's Image at 0. In the Caſe of Fig. 2, the Rays converging 
from all the Points of the Image, make a confus'd Picture in the Bottom 
Bb 2 Oz 
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of the Eye *, but, as it is manifeſt, the Magnitude of the Picture of the 
Image is the ſame, whether it be before, or behind the Eye, if the 
Diſtance and Magnitude of it do not differ. 

The linear Magnitude of the ſaid Image is to the linear Magnitude of the 
Object itſelf, as the Diſtance of that to the Diſtance of this from the Glaſs , 
that is, as Vo to VO; as follows from Number 3045; from which we 
alſo deduce in general, that !he Obje#t remaining, the Diameter of the Image 


follows the Ratio of the Diſtance of it from the Glaſs. 


The Picture of @ Line in the Bottom of the Eye, if it be perpendicular to 
the Axis of the Eye continued, ſuch as the Lines conſider'd here, is in- 
creas'd and diminiſtd with this Line, and follows the Proportion of it. 

The ſame Picture is increaſed as the Eye approaches, and the contrary, 
and it follows the inverſe Ratio of the Diſtance of the Object from the Eye, 
as has been ſeen above “. 

Therefore, in the Caſe of which we are ſpeaking, the apparent Mag- 
nitude through the Glaſs, that is, the Magnitude of the Picture of the 
Image, is to the Magnitude of the Picture of the Object in the naked 
Eye, in a Ratio compounded of the Ratio between M and OV directly, 


and of that between A and O A inverſly ; which is the Ratio of the 


Rectangle made of oV and OA to the Rectangle made of OV and 
o A *, which is the ſame Ratio that we had above, before the Eye and 
Object were tranſpos'd Þ. | 

Again Let V be a convex or concave Glaſs, as in N. 3139; O the 
Eye; o the Point to which the Rays come, which proceed from the Eye; 


Ag the Line of a determin'd Magnitude in the Object, which we ſup- 


3133. 
Plate 102. 
F. 45 5 0: 


poſe moveable. 


The apparent Magnitude of the Line AB, to the naked Eye, follows 
the inverſe Ratio of the Diſtance O A *, therefore, if the Aſſymptotes 
being OVA and OE, any Hyperbola, as 4g, be deſcribed, the Ordinates, 
as AL, AL, will be to one another as the Pictures of the Object, when it 
is plac'd at A, or A, for theſe Ordinates are diminiſh'd, as the Diſtance 


* La Hire $:2, © A is increas'd *. 


Con. Lib. 4. 
Prop. 2. 
3167. 
Plate 102. 
Fig. 1, 2, 3. 
* 3158. 
Plate 102. 


The apparent Magnitude of the ſame Line AB, ſeen through a Glaſs, 
is as the Angle DOV ; which itſelf, by reaſon of the ſmall Line V D *, 
follows the Ratio of the Angle VoD, that is, of A o B, under which the 
Object would be ſeen, if the Eye were at o. Therefore an Hyperbola 
DG being deſcrib'd at Pleaſure, it's Aſſymptotes being VA and ve, 
it's Ordinates A/, Al, are alter'd as you rccede from o, as the Picture 
in the Eye, when the Object is transfer'd with the Ordinate, and is ſeen 


through the Glaſs; as follows from the foregoing Demonſtration . 


Both the Hyperbolas may be deſcrib'd at Pleaſure, as has been ſaid; 
but it we would make uſe of theſe together in fuch Manner, that there 
may be the ſame Ratio between AL and it's Correſpondent A, of the 
other Hyperbola, which, in that Poſition of the Object, is berween the 
apparent Magnitude to the naked Eye, and this through the Glaſs, we 
mult deſcrib: the Hyperbolas in ſuch Manner, that both the Ordinates at 


V may 
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V may be equal, as Va, VD; becauſe, if the Object be in this Point, 
both the Pictures are equal “. * 2147, 
When, the Lenſe oy convex, the Eye is remov'd ſrom the Lenſe, 3169. 
beyond the Focus of parallel Rays proceeding from a contrary Part, the Pl. 102. 
Point o falls at the oppoſite Side of the Lenſe ; then if the Object be at o, Fig. 25. 
the Increaſe of the Picture is infinite. If the Object be then remov'd : 
further from the Eye, the oppoſite Section g h is of uſe; for this is the 
Continuation of the Hyperbola, and it demonſtrates by it's Poſition, that 
the Poſition of the Picture in this Point is alter'd, that is, that the Ob- 
jects appear inverted. 
When OF exceeds FV, the Curve gh cuts dg, theſe two being con- 3170. 
tinued. We diſcover the Interſection, if to theſe two OF—FV and 
OV, there be ſought a third Proportional, for this will determine in the 
Axis OA, the Diſtance between the Point O and that, to which the 
equal Ordinates of the Curves g , dg, correſpond. 


G 
Of Microſcopes and Teleſcopes. 


E have already ſhewn the Uſe of ſpherical Glaſſes, in cor- 3 1771. 
recting the Faults of the Eyes of old Men, and ſuch as are 


ſhort-fighted #. We ſhall now conſider how they ſerve in the Diſ- 3139 3144. 


covery of the leaſt Objects, and bringing the moſt diſtant, as it 

were, to the Eye. | 

Me have already ſaid that convex Glaſſes magnify the Objects +; 3172. 
which Magnifying depends upon the Refraction of the Rays, as they + 3133. 

go through the convex Lenſe; whence it follows, that it is aug- 

mented, if, undey the ſame Circumſtances, the Refraction be in- 

creaſed ; and this Effect will be obtain'd, by increaſing the Con- 

vexity of the Lenſe ; which will be the more convex as the Surfaces 

bounding it are Portions of a ſeſs ſphere ; which can only be had 


in ſmall Glaſſes. 


DEFINITION I. 


Such ſmall Lenſes are call'd Microſcopes. | 
Small Objects are vaſtly magnified by a Microſcope, by Means of 3 174. 
which, Things that are inviſible to the naked Eye, may be ſeen 
very diſtinctly. 


DEFINITION 


3173. 
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3175. 


3176. 
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DEFINITION 2. 
The Space ſeen through the Microſcope, that is, the Circle in which 


Objects are ſible through the Microſcope, is call'd the Field of the 
Microſcope. ; 
EXPERIMENT 1. 


If the ſmall Object AE be view'd through the Microſcope V, 


Pl.103.F.1. it will appear magnified at ae *. 


* 3131. 3133. 
3177- bring the Eye as near to it as poſſible, and the Object is placed at a 


* 3147- 


9 3163- 


3178. 


3179. 


3180. 


181. 


But we ſee Objects through a Glaſs moſt diſtinctiy, when we 
juſt Diſtance ; which, in the Uſe of ſmall Lenſes, is entirely neceſ- 
ſary, otherwiſe the Fleld vaniſhes. 

Objects ſcen through ſuch Glaſſes appear unmenſely magnified, 
yet the Picture, has the ſame Magnitude in the Bottom of the Eye, 


the Lenſe being plac'd, or remov'd “; the Amplification in this 


Caſe is to be attributed only to the Removal of the Confuſion. 


Let ns ſuppoſe a Man, who ſees Objects moſt diſtinctly at the 
Diſtance of ſeven Inches, let him ſee a ſmall Grain of Sand, plac'd 


at this Diſtance from his Eye, the Picture in the Bottom of his Eye 


will be very ſmall ; let him bring the Grain of Sand ſo near as to 


reduce it's Diſtance to a hundredth Part, and the Diameter of the 
Picture will be a hundred times as great; the Viſion is confuſed, 


or rather, nothing at all is {een plainly, a Lenſe of due Convexity 
being plac'd between, the Object is ſeen diſtinctly; but as nothing 


of this happens to the naked.Eye, we compare the Magnitude of 


the Object through the Lenſe with the greateſt, that we perceive 


with the naked Eyes. 

When very {mall Objects, or the very ſmall Parts of Objects, are 
examin'd, theſe ſingle Microſcopes are to be preferr'd to others; 
but the Field is very ſmall, and the {malleſt Lenſes are hardly of any 
Uſe, except to thoſe, who by Uſe have acquir'd the Method of 
managing both Glaſſes and Objects. 


There are alſo Microſcopes made up of two, or three Lenſes, in 


which the Field is greater than in the ſingle ones, and the Ampli- 
fication is greater. 


I ſhall ſhew the Foundation of them. 
Let there be a ſmall Lenſe V, very convex, and let there be an 


pl. Bog. F.2 Object A E at ſuch a Diſtance from it, that all the Points of it 
* 3057-3011. may have their Focus behind the Glaſs * ; bring the Object ſo near, 
+ 3011. that the Foci may be remov'd to ae ; there will be there a Re- 
+ 2058, Preſentation of the Object, very much magnified, which will be 


ſenſible, if it be receiv d upon a white Plane 1. 
2 Ex PE- 


h 
n 
c 
a 
| 
| 


+ 
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EXPERIMENT 2. 
This Experiment my be well made, by tfing the Tube of the 4182. 
Microſcope, in which tranfparent Objects, in an horizontal Poſition, 
may be ſtrongly illuminated by the Sun's Rays, reflected by a final | 
concave Mirror; which Microſcopes are very common in England, 1 
and now im theſe Parts alſo. The Wing of a Fly # plac'd in ſuch 
Manner, as it ſhould to be ſeen through the Microſcope, and it is. 
ſtrongly enlighten'd ; then all the Lenfes being taken out of the 
Tube, one only ſtrrall one of thofe, which don't magnify very | 
much, is join'd to it, at the lower End, and a Diaphragm of thin 1 
Paper, is fitted in the Middle of the Tube; the Eye being now | ; 


applied to the upper Aperture of the Tube itſelf, the Picture of 
the faid Object is ſeen on the Paper; but the Tube is raiſed or de- 2 
orefs'd, till the Repreſentation is diſtin&t, which though it falls on 1 
the oppoſite Surface of the Paper, yet appears vivid enough. 15 
All the Points of this Repreſentation, which we ſuppoſe to be 3183. 
exhibited at a e, are radiant Points, and vifible *, if the Paper be Plate 103. 
remov'd. The Rays proceeding from theſe are tranfmitted through Fig. 2. 
a ſecond Lenſe O O, and enter the Eye, as if they proceeded from * 3121. 3137. 
Points at a greater Diftance between à and e ; that is, the Rays + 3131. 
proceeding from the Object AE, after the Refrattion through the 
two Glaffes V and OO, enter the Eye, as if they proceeded from 
the Object à e. 
Therefore through fach a compound Microſcope the Object appears 3184. 
inverted, and much more magnified than through the fingle Microſcope. 
For the Line AE through the ſingle Microſcope V, applied to the 
Eye, would be ſeen under the Angle oppoſite to the Vertex of a V e, 
and is equal to it; but now the ſame Object is feen under the Angle 
_ 04O, which is to the firſt, as the Diſtance between the Glaſſes V 
and OO to the Diſtance between this laſt and the Eye “. * 3153+ 


DEFINITION 3 and 4. 
In this Microſcope the fmalleff Lenfe, which is next to an Object, 3185. 
is called the Objeft Glaſs, and the other the Eye Glafs. 


DeFINITION ;. 
The Part of the Surface of the Objeft Glaſs, which is not cover d. 3186. 
that is, threugh which the Rays, proceeding from an Object, paſs, is 
called the Aperture of the Microſcope. 


'The 
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3190. 


* 3012. 


3191. 


3192. 


3193, 
3194. 


3195: 


* 3058. 
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The Eye Glaſs muſt not be too ſmall : For the Points of the Re. 
preſentation ae, although they be radiant Points, do not emit 
Light every way; the Rays which paſs through the Object Glat. 
do only interſect one another in the ſeveral Points of the Repreſen- 
tation ae; which Repreſentation therefore will not be viſible, un- 
leſs the Rays which go through the Object Glaſs do alſo go through 
the Eye Glaſs; therefore the Field depends upon the Magnitude of thi, 
Lenſe. 

The Eye alſo muſt be ſo plac'd, that all the Rays which come to 
the Eye Glaſs, and go through it, may come to the Eye; and this 
is done by placing the Eye at d, the Point in which all the Rays that 
come from the Center of the Object Glaſs, are collected beyond the Eye 


. Glaſs. 


The Amplification may be further increaſed, by adding a ſecond 
Eye Glaſs; this is plac'd in the Angle Od O, as oo, and the Rays 
Od, Od, converge more *, and meet at u, where the Eye muſt 
be plac'd. The Poſition of the Object AE mult alſo be alter'd a 
little, that the Object may appear diſtinctly. 

Objects appear bright enough through Microſcopes, becauſe they 
are very near the Glaſs; and fo the ſame Number of Rays paſs 
through a ſmall Lenſe, as would not paſs at a greater Diſtance, 
unleſs through a greater Hole, Yet often where the Objecis are the 
moſt magnified, they muſt be enlighten'd by Rays collected through a 
convex Lenſe, and thrown upon them. 

The Aſtronomical Telefcope very much reſembles the compound 
Microſcope, | 


DEFINITION 6. 


Inſtruments adapted to ſee diſtant Objects, are call d Teleſcopes. 

That which we now ſpeak of, is call'd an Aſtronomical Teleſ- 
cope, becauſe it is not fit for ſeeing Objects upon the Earth; 
for it repreſents them inverted ; but Aſtronomers do not much 
regard the Situation of the Appearance of the Object. 

This Teleſcope conſiſts of two convex Lenſes, the one an Object 
Glaſs, which is placed next to the Objects, and the other an Eye 
Glaſs, placed next to the Eye. By Help of the firſt diſtant Objects 
are repreſented at a certain Diſtance behind the Lenſe *, as near 
Objects are in the compound Microſcope. If this Repreſentation 
be obſerved through an Eye Glaſs, it will appear inlarged and in- 
verted, as has been ſaid of the Microſcope. It is plain alſo in 
this Caſe, as well as in the Microſcope, that the Field depends 1 4 

| the 
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the Bigneſs of the Eye Glaſs ; as likewiſe that the Place of the Eye is 
to be determin d in the ſame Manner fer the Teleſcope as for the Mi- 


leſcope, the Eye ought to be plac'd in the Focus of parallel Rays of the 
Eye Glaſs as to Senſe, For the aſtronomical Teleſcope only differs 
from the compound Microſcope, that in the compound Microſcope 
the Lenſes are more convex, and fo leſs fit for viewing diſtant Ob- 
jects, eſpecially the Object Glaſſes, In the Microſcope the Con- 
vexity of the Object Glaſs is greater than that of the Eye Glaſs; 
but in the Teleſcope it is leſs. 

Teleſcopes may be as long as poſſible for obſerving the Stars; but 
when they are above twenty Feet long, they are of no Uſe for ſee- 
ing Objects upon the Earth, becauſe of the conſtant trembling of 
the Air, which is too ſenſible in Glaſſes that magnify much. 

A ſhort aſtronomical Teleſcope will ſerve to fee Objects upon the 
88 by adding to it two convex Lenſes, which are alſo call'd Eye 
Glaſſes. | 3 

But the three Eye Glaſſes are ſimilar, and collect parallel Rays at 
a Diſtance double of that, at which the Eye Glaſs of the aſtrono- 
mical Teleſcope ought to collect them, the ſame Object Glaſs re- 
maining. 


Let V be an Object Glaſs, repreſenting a diſtant Object inverted 


193 
3196. 


| | 3197. 
croſe:pe * ; and therefore that, by reaſon of the Length of the Te- * 3 180. 


3198. 


3199. 


3200. 


320 f. 
at e a; alſo let there be three Eye Glaſſes OO, OO, OO. The Pl. 103. 


firſt is ſo plac'd, that the Rays coming from the Points of the Re- Fig. 3. 


preſentation e a, may become parallel when they have paſs'd through 
the Lenſe x. In that Caſe the Rays which come from the middle * 
Point of the Object Glaſs, are collected at G; the ſecond is fo plac'd, 
that theſe Rays which are collected at G, where they interſect one 


another, and as it were come from that Point, may go out parallel *; & 301. 


which being ſuppoſed, the Rays coming from the Object Glaſs to 
e, and there interſecting, and forming that Point of the Repreſen- 
tation, being refracted through the firſt Glaſs, paſs through G paral- 
lel to one another; they are refracted through the ſecond Lenſe ac- 


cording to the Direction Oe, and are collected at e *, fo as to make & 2010. 


it a Point of a new Repreſentation. In the ſame Manner the Point 
a of the firſt Repreſentation will anſwer to the Point à of the ſe- 


cond ; and fince this is true concerning the intermediate Points, the 
Repreſentation of the Object will be erect at ae. 


Vor. II. Cc ExPr- 


3011. 
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Fig. 4. 
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Fig. 3. 
3203. 


3204. 


3205. 
Plate 103, 
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EXPERIMENT 3. 


The two Boards T, T, furniſh'd with Glaſſes *, which colle& 
parallel Rays at the Diſtance of about five Inches, are mov'd upon 
a Table between two Rulers, in fuch Manner, that the Axes of both 
Lenſes may be in the ſame Line, in which the Hole alſo is, through 
which only the Light enters into the Chamber, and in which the 
Object Glaſs is fix'd, which is contain'd in the ſhort Tube AB, that 
the fide Light may be excluded. 

The Object Glaſs is ſuch, that it may repreſent diſtant 
Objects inverted at F, at a Diſtance of about three Feet from A, 
which Repreſentation is feen, if the Rays be intercepted by a white 
Plane . The firſt Eye Glaſs is at a Diſtance of five Inches from 
F, from which the ſecond Lenſe is ſix Inches diſtant ; at /, at a 
Diſtance of five Inches from it, there is an erect Repreſentation of 
the ſame Objects, which is alſo ſenfible by putting a white Plane 
between. 


The Repreſentation ae is obſerv'd through the third Eye Glaſs; 


the Eye is plac'd at 4, in which the parallel Rays a O, e O are 


collected; then we demonſtrate that the Object appears amplified, 
nearer, and erect; for it is ſeen under the Angle O A O, whilſt it 
would appear under a ſmall Angle to the naked Eyes, namely, that, 
which is oppoſite to the Vertex of the Angle eV a: | 

The Object appears. nearer alfo; not only becauſe the Rays go 
into the Eye, as if they proceeded from an Object à e not very 
remote, but chiefly, becauſe, by reaſon of the Amplification, we 
diminiſh the Diſtance in the Imagination. 


EXPERIMENT 4. | 
Things being given as in the laſt Experiment; a third Board 8 
is plac'd at the Diſtance of ten Inches from the ſecond Eye Glaſs, 
farniſh'd with a like Glaſs; and a fourth Board D, in the Middle 
of which is a Hole d, is plac'd in the fame Line with all thofe, and 
the Diſtance between 8 and D is about five Inches. Now if the 
Eye be applied to the Hole d, the Object, as has been faid, will 


appear erect, magnified, and near. If the Board D be diſplac'd, 


that is, be brought nearer or remov'd farther off, the Field of the 
Teleſcope is diminiſh'd;; becauſe there is but one Situation of the 
Eye, in which all the Rays that paſs through the Eye Glaſſes can 


come to the Eye. 
We 
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We are to take Notice that the Eye Glaſſes, made uſe of here, 3206. 
are not convex enough in reſpect of the Object Glaſs V ; but they 
are beſt for making the third Experiment. 

We determine the Amplification of the Object in this Teleſcope, 3207, 
by conſidering the Increaſe of the Picture of the Line of any Ob- 
ject, and the Picture is to the naked Eye, to the ſame, when the 
Teleſcope is uſed, whether one Eye Glaſs be uſed, or three equal 
ones, as the Diſtance, at which the Eye Glaſs collects parallel Rays, | 
is to that, which is between the Object Glaſs and the Eye Glaſs 1 
next to it; for ſo are the Angles under which we ſee the ſame Line 1 
with the naked Eyes and through the Teleſcope; for the firſt is | 
vertical to OV O, and the ſecond is Od O, as has been ſaid above. 

All the Points of the Object do alſo appear more entighten'd: For 3208. 
the Rays which, coming from any Point of the ſeveral Points of lt 
the Object Glaſs, do interſe& one another in a Point of the Repre- 1 
ſentation, by Reaſon of the ſmall Diſtance of the Eye Glaſs from | i 
that Repreſentation, are but little diſpers'd before they come to the | = 
Eye; ſo that they all go into it. And therefore the Hlunmnation, ' I 
given by the T, — 1s to that which is given by the naked Eye, as 
the Surface of the Aperture of the Object Glaſs, through which the 

Rays paſs, to the Surface of the Pupil *. 3123; 
One may alſo with two Lenſes make Telejcopes, which ſhall ſhew 3209. 
Objefts erect, enlighten'd, and magnified. Theſe muſt be ſhorter ; | l 
for if they be above one Foot long, they become almoſt uſeleſs. | 
Let V be an Object Glaſs; the inverted Repreſentation of a diſtant 3210. "8 
Object will be at ea *: The Rays are fo intercepted by the con- Plate 103. | 
cave Lenſe OO, that ſuch of them, as come from the Center of F. 5. | 
the Lenſe V, are inflected as if they proceeded from the Point / +; * 3058. | 5 
by the ſame Refraction the Rays, which concur'd at a, become | 3021. 1 
diverging +, having their imaginary Focus at a; which alſo hap- + 3022. 
pens in reſpect to all the Points of the Repreſentation e a, and in- i} 
itead of it, you have an imaginary Repreſentation which is erect at vi 
ae; that is, the Rays enter the Eye as if they came from the Object 
plac'd at ae. | 
The Rays, in all reſpects, go out diverging from the Eye Glats; 53217. | 
Ow the Eye muſt be brought as near as poſſible to the Eye | | 
aſs. 
The Field in this Teleſcope depends upon the Magnitude of 3212. | 
the Pupil; the Magnitude of the Obje&t Glaſs muſt alſo be con- 1 
lider'd; for often, in a ſhort Teleſcope, furniſh'd with a large Ob- oy 
ject Glaſs, the Rays, which come from a Point of an Object oblique- 
| Cc2 ly 
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. at which it is from the Lenſe *. 
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ly to the Center of the Lenſe, don't reach the Pupil, whilſt the 
other Rays, proceeding from the ſame Point, which paſs through 
the Lenſe near the Circumference, go into the Eye. 


The general Theory of Microſcopes and Teleſcopes being ex- 


plain'd, I ſhall add ſomething concerning the Perfection of theſe 
Inſtruments; I ſhall ſpeak chiefly of Teleſcopes, moſt of which 
may be applied to Microſcopes. 

The Ule of an Object Glaſs, is to make a Repreſentation of a 
viſible Object, which we obſerve through an Eye Glaſs : The greater 
this Repreſentation is, the more diſtinctly the ſmall Parts of an Ob- 
ject may be ſeen, But the Magnitude of this Image, as long as 
we conſider the ſame Object, follows the Proportion of the Diſtance, 


In an Object at a great Diſtance, 
ſuch as we now conſider, the Rays, proceeding from any Point, 


are Parallel to Senſe, and the Image is remov'd to the Diſtance, at 


which the Object Glaſs collects parallel Rays; we call this the Length 
of the Teleſcope. 


The fir/t thing therefore requir'd to the Perfection of Teleſcopes is, 
that they be long, yet we muſt have regard to what has been ob- 


. ſerved above of this Length *. 


The ſaid Image muſt be inlarg'd by Help of an Eye Glaſs as 
much as poſſible, that the Picture of the Object in the Eye may be 
as great as poſſible ; but all the Light, whereby the Image is made, 


always goes into the Eye; therefore, when the Picture is inlarg d, 


when the Light is not increas'd, the Picture is darken'd, in the Ra- 
tio of it's Increaſe ; for the ſame Light is ſpread more. 

Whence it tollows that the Light, whereby the Image is made, 
muſt be firſt increaſed as much as poſſible, and then the Eye Glaſs 
mult be ſo convex, that the Amplification may be as great as poſſi- 
ble, the Clearneſs remaining. 

The Light that tends to all the Points of the Image, paſſes through 
all the Points of the Aperture of the Object Glaſs; and therefore 


the Illumination of the Image is proportional to the Surface of this 
Aperture. 


But this Aperture is circamſcrib'd in narrow Bounds for two 
Reaſons. The Rays proceeding from a Point, are collected into 
one Point only, when they are a little diſpers'd, for otherwiſe the 
Repreſentation of the Point is a Spot ; as follows from what was 
ſaid elſewhere *. 

But the Diſperſion of the Rays from this Cauſe is neglected; be- 
cauſe the Spots, that make the Image, if they do not increaſe be- 


yond 
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yond a certain Magnitude, are not noxious ; but before they come 
to that Magnitude, by dilating the Aperture, the Image is already 
confuſed for another Reaſon ; wherefore we only conſider the ſe- 
cond Cauſe of the Diſperſion of the Rays, proceeding from the ſame 
Point. 

Every Ray is ſubject to this Law of Refraction, which I ſhall 
explain more fully in the fourth Part of this Book; for a Ray is ſo 
divided, and diſperſed, when bent by Refraction, as to fill the 
Plane of the Angle, which is in the Ratio of the Bending of the 
Ray, at leaſt in all thoſe Cafes, of which I now ſpeak. 

When the Aperture of a Teleſcope is inlarg'd, the Diſperſion of 
the moſt diſtant Rays increaſes, and this is eaſily ſo increaſed, that 
the Image will become quite confuſed ; but Experience alone can 
teach us, how far the Spots may be increaſed, and the Image be 
kept diſtinct. c | 

Now if we ſuppoſe this to be determin'd by Experience, we 


we muſt not ſeek ſuch an Eye Glaſs, as, when the Aperture and 
Length of the Teleſcope are given, extends the Picture in the Bot- 
tom of the Eye in ſuch Manner that the Clearneſs of a diſtant Ob- 
je& in the Teleſcope may agree with the Clearneſs of the fame Ob- 
jet, brought ſo near to the naked Eye, that the Picture may have 
the ſame Magnitude as in the Teleſcope. But Experience has 
ſhewn with regard to the Day that a ſixth Part of the Light, which 
ſhould be thus determin'd, is ſufficient, that an Object may appear 
enlighten'd enough; in the Night much leſs Light is ſufficient, 
becauſe the Fibres of the Retina are more eaſily mov'd then, for 
ſo they conſtitute themſelves, when the external Light is diminiſh'd. 
This is the Reaſon of the Difference, mention'd above, between 
the Eye Glaſſes of the Teleſcopes which are uſed in the Day or in 


ſhewn there, the Clearneſs is reduc'd to a fourth. 
Therefore all that is requir'd to the Perfection of a Teleſcope, 
when it's Length is given, muſt be determin'd by Experiments, 
that is, by Trials. But theſe Trials ſuffice for one Teleſcope. For 
if the Length of the Teleſcope, it's Aperture, and the Diſtance at 
which the Eye Glaſs collects parallel Rays be given, we diſcover 
by Computation the Conſtruction of a Teleſcope of any other 
Length whatſoever, which exhibits what is viſible as diſtinct, and 
clear as the firſt, 4 


2 : To 


muſt return to the Illumination *; but in order to determine this, * 3219. 


the Night *. When the Eye Glaſs is twice as acute, as has been * 3200. 
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F 3218. | 
* 3214-3215. ter of it is directly as the Diameter of the Image itſelf, which is as the 
T3 75 3105, Length of the Teleſcope *, and air as the Diſtance of the Focus of 


20. El. 6 
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To avoid Confuſion we ſpoke , as if the Trials which relate to 
the Magnitude of the Spots, mentioned in N. 3220, might be made 
without having regard to the Eye Glaſs ; but it is not fo, for the 
Confuſion depends upon the Magnitude of the Picture of this Spot 
and this Picture is different according to the different Figure of the 
Eye Glaſs, UL) 

The Trials therefore muſt be ſo made, that different Eye Glaſſes 
may be uſed for each of the Apertures. 

Huygens for nocturnal Obſervations determin'd an Aperture, 
whoſe Diameter is three Inches, when the Length of the Teleſcope 
is thirty Feet; and he gave an Eye Glaſs, whoſe Focus of parallel 
Rays is diſtant from it three Inches and a Tenth. Yet it muſt be 
obſerved that Object Glaſſes, except they be very well work'd, can 
ſcarce bear ſo great an Aperture, and that moſt Spectators require 
more Clearneſs ; and therefore a leſs acute Eye Glaſs muſt be uſed; 
though Huygens himſelf ſometimes uſed Glaſſes more acute, than 
he ſhould have done according to the following Rule. 

If the Length be alter'd, te Aperture muſt be alter'd in ſuch 
Manner, that it's Diameter may be in the ſubduplicate Ratio of the 
Length, and the Diſtance of the Focus of parallel Rays in the Eye 
* muſt be alter d in the ſame Ratio. 

hen Objects are more clear, the Light, which in the Margins 
of the Spots did not affect the Fibres of the Retina, acts upon the 
Eye; and to avoid Confuſion the Aperture of the Teleſcope muſt 
be diminiſhed : But if this be too ſmall, the Objects do not appear 
exactly terminated, alſo when too much Light remains ; the Cauſe 
of which Phenomenon is not yet ſufficiently known : In theſe 
Caſes, the Eye Glaſs muſt be colour'd with Smoke, to remove the 
too great Clearneſs. 


SCHOLIUM, 


The Demonſtration of the Rule delivered in N. 3229, concerning the 
Determination of the Apertures, and the Eye Glaſſes of Teleſcopes. 


HE Clearneſs of a Picture in the Eye, of an Object ſeen through 
a Teleſcope, is as the Aperture of the Teleſcope *; it is alſo in 
the inverſe Ratio of the Surface of the Picture itſelf +. But the Diam:- 


the Eye Glaſs 4; but the Picture ſeit is in the duplicate Ratio of the 


Diameter ||, The Ratio compounded of theſe three, the two laſt being 


2 inverted, 
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inverted, is the duplicate direct Ratio of the Diameter of the Aperture 

and the Diſtance of the Focus of the Eye Glaſs, and the inverſe dupli- 

cate Ratio of the Length of the Teleſcope. Therefore in order to com- 

pare together the Clearneſs of different Teleſcopes, we muſt in each mul- 

tiply the Diameter of the Aperture by the Diſtance of the Focus of the 

Eye Glaſs, and divide the Product by the Length of the Teleſcope, and 

the Quotients will be to one another in a ſubduplicate Ratio of the Clear- 

nels. 

Now if according to the Rule the Length of the Teleſcope be as the 

Square of the Diameter of the Aperture, and this Diameter be as the 

Diſtance of the Focus of the Eye Glaſs, the Product of theſe two Quan- 

tities, will be as the ſaid Length; fo that the ſaid Quotient will be the 

ſame, and the Clearneſs the ſame, for all Teleſcopes. 
An Object will be ſeen equally diſtin& through different Teleſcopes, if 3232. 

the Magnitude of the Spot in the Eye, which exhibits the viſible Point, 

be the fame *. * 32272. 
Let there be the Rays BA, BA, 2 from the ſame diſtant 

Point, and paſſing through the Object Glaſe V, in the Margin of the 

Aperture; the Diameter of the Spot in the Image in the Teleſcope increaſes, 3233. 

as the Diſperſion of theſe Rays, that is, as the Angle f Af, and as the P. 103. F.6. 

Diſtance VF, which is the Length of the Teleſcope *®. The Angle FAf 3215. 

is in the Ratio of the Angle AFV, and this is, as to Senſe, in the direct T 3222. 

Ratio of the Semidiameter of the Aperture VA, and the inverſe Ratio of 

the Diſtance VF; therefore the Ratios being join'd ff is in the direct 

Ratio of the Length VF, and the Semi-diameter, or whole Diameter , * 15. El. g. 

of the Aperture, and laſtly the inverſe Ratio of the ſame Length ; the firſt 

and third of theſe mutually deſtroy each other, and only the middle one 

remains. 

The Picture of the Diameter of the Spot in the Eye is in the direct 3234. 

Ratio of the Diameter of the Spot in the Image “, that is, of the Dia- 3165. 

meter of the Aperture +, and the inverſe Ratio of the Diſtance of the T 3233. 

Focus of parallel Rays of the Eye Glaſs ||, || 3152. 3197, 
Therefore, as theſe Ratios mutually deſtroy one another, the Picture 3165. 

of the Spot is not alter'd, and the Point through all the Teleſcopes, 

made according to the Rule, appears equally diſtinct. 
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Of the Reflection of Light. 
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C HAP. XIII. 
Of the Reflection of Light, and the Law of it. 
W E have ſhewn that Light is reflected from opaque Bodies, 
and that every Point reflects it every Way *®, The Occa- 
ſion of this is the Inequality of the Surfaces, which are made up of 
an innumerable Quantity of ſmall Planes, which, in all ſenſible 
Points, are directed every Way; which will be cafily conceiv'd, if 
we imagine a Surface cover d with an innumerable Quantity of ſmall 
Hemiſpheres. That this is true we deduce from the Reflection of 
Light from à poliſb d Surface; that is, from a Surface whoſe Inc- 
qualities are taken off; which in all it's Points reflects the Light only 


one Way, which obtains in curve as well as in plane Surfaces : Nay, 
from Surfaces that are not at all poliſhed, the Light is moſtly re- 


flected that Way, that it would be all reflected if they were poliſh- 


3237: 


Plate 104. face; let CO be perpendicular to 


Fig. 1. 


ed, as daily Experience ſhews. 


yg Let AC be a Ray of Light _—_ obliquely upon a plane Sur- 


is Surface, and the Rays be 
OY Fra I C B, 


T nnn 1. 
1 80 G . g . Fed Ray. 
The Angle OCB is calf'd the Angle of Reflection *. 
' The refed Ray 7s, together with the incident Ray, i in the ſame Plane 


0 E is perpendicular 10 the refleting Pla 


For the: ion of this Plane, by which. the Light is reflected, 1s 


| gel Perpendicularly to. 0 We, . which 1 is ſuppoſed 
1! . in all Points. 


. . 14 2 2 to the gh. 4 Incidence, 
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EXPERIMENT 1. | 


Let there be in the Dark the plane Mirror 8, which is ſupported 3242. 
by a Stand in ſuch Manner, that it may be plac'd as you pleaſe * ; Plate 104. 
through a Hole in the metallic Plate L, which is fix'd in a Win- Fig. 2. 
dow, a Ray of the Sun, of the Diameter of about a Quarter of an * 25735, 
Inch, is let into a Chamber ; the Mirror is fo plac'd, that the Ray 

may paſs through a cylindric oblique Cavity, (whoſe Diameter is 

equal to that of the Ray,) in the Board T: If this be tranſpos'd, 

the reflected Ray will paſs through the fame Cavity. This holds 

good whatever the Inclination of the Cavity be, as may be demon- 
ſtrated by uſing different Boards. "oo 

By which Experiment is alſo manifeſt, what was ſaid in N. 3235, 324 
of the Surfaces of Bodies. 

If the reflefted Ray becomes the incident Ray; that is, if the Light 3244. 
comes along the Line B C, it will return in the Line C A, that is, Plate 104. 
the firſt that was the incident Ray will become the reflected Ray; as Fig, 1. 
appears from the Equality of the Angles BCO, O CA. 

From this Equality of the Angles of Incidence and Reflexion, 

we farther deduce, that the Light, after it has fallen upon a Body, 3245. 
recedes from 1t with the ſame Force that it came upon it. Let the Mo- 

tion along A C be reſolved into two Motions along AO and OC, * 1155. 
ſuppoſing AO parallel to the reflecting Plane, and O C perpendicular 

to it. Let A O be continued; the Motion in that Direction is not 

alter d from the Action of the Plane: therefore let AO and OB 

be equal; if the Light recedes from the Plane with the ſame Force, 

with which it came upon it, the Motion occaſion d by the Repul- 

lion is repreſented by C O, and in that Caſe the reflected Ray goes 

through B *] that is, the Angle OCB is equal to the Angle O CA, * 360, 
which agrees with the Experiment. 

As to the Reflexion of Light, it is to be obſerv'd, that Light 3246. 
does not run againſt the folid Part of Bodies, when it is reflected 
them ; but that it is reflected in thoſe Places, where it could very freely 
paſs. I ſhall prove this by ſeveral Experiments, by which many 
other wonderful Properties of Reflexion are diſcover'd. 

It is a common Experiment obſerv d by every Body, that when 
Light is mov'd through any Medium; as for Example, Glaſs, 3247. 
Water, or Air, it does not undergo a ſenſible and regular Reflexion; _ 
but that it 7s reflected there, where two Mediums of different Denſity 
are ſeparated ; ſo it is reflected in the Surface of Water or Glaſs, 


Vor, II. | D d Could 
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Can Light in fuch Quantity ſtrike againſt the Particles of the Me- 
diums juſt where they are ſeparated, where as it moves along both 
the Mediums for a great Space, without ſtriking againſt any ſuch 
Particles? Is there a greater Number of ſuch Particles near the Sur- 
face than elſewhere ? 

3248. Light alſo is more abundantly reflected in a more refracting Medium, 

'aohen it comes againſt the Surface of a leſs refracting one; than uben 
on the contrary, moving in a leſs refracting Medium, it ſtrikes againſt 
the Surface of a more refracting one. 

EXPERIMENT 2. 

3249, We make uſe of the triangular Glaſs Priſm as A B, whoſe Baſes 
Pl. 104. are ſtrengthen'd with Copper Plates to which Points cohere, that 
Fig. 3. the Prifm may be turn'd about it's Axis. 

3250, We put the Axes into Inciſions in the Edges of the ſmaller Sides 
Pl. 104. of the Box EF. The Light enters through an Hole in the Plate 
Fig. 4. L into a dark Place, and goes into the Priſm ; if the Light in the 

Priſm makes the Angle of Incidence greater than 40 Degrees, it is 
wholly reflected, and none of it goes into the Air; but the Light 
in the Air is never wholly reflected by the Glaſs. 

3251. But if the Reflexion be made by the ſtriking of Light againſt 
the ſolid Parts of Bodies, there muſt be more ſuch Parts in Air 
than in Glaſs ; for if Light was reflected from the Glaſs itſelf into the 
Air, the Light would never come to the Separation of the Mediums; 
that the Light can alſo go out of Glaſs in the very Places, where 
it is reffected, is prov'd by the following Experiments. Therefore 
near the Glaſs there muſt be ſo many Parts in the Air, that there 
may be no Way for the Paſſage of the Light to cauſe it to be wholly 
reflected into the Glaſs : yet it does appear that there are not ſuch ; 
becauſe the Light came to the Glaſs through the Air in all Directions, 
and enter'd into it. Alſo in the ſame Part of the Surface, ſeparating 
the Glaſs and Air, the Light coming from one Side is reflected, 
whilſt that, which came from the oppoſite Side is tranſmitted. Which 
clearly proves that the Light is there reflected, where it can pals 
through. 

EXPERIMENT 3. — —.— 

3252. The ſame Things being given, which were in the foregoing Ex- 
Plate 104. periment, if the Obliquity of the Light be diminiſh'd, this will in 
Fig. 4. part paſs into the Air. | 

Who can conceive that the Light, which paſſes out of the Glaſs 

into the Air, and does not ſtrike againſt ſolid Parts, ſhould; if the 
Obliquity be a little increaſed, all of it ſtrike againſt ſuch 1 
2 ce 
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ſince in each Medium there is a Paſſage for it in every Direction, as 
has been ſaid? 


ExPERIMENT 4. 


The Priſm being plac d, as in the laſt Experiment; turn it lowly, 32 ITY 

till it reflects all the Light, as in the ſecond Experiment *; then Plate 18 . 
the Angle of Incidence of the Light, falling upon the lower Sur- Fig, 4. 
face of the Priſm, is about 40 Degrees. The Priſm muſt be fix'd * 3249. 
in this Poſition by Means of the Screw C. Now if Water be 
pour'd into the Box, at the Moment, when the Water touches the 
Glaſs, the Light enters into it in great Plenty. 
The Experiment anſwers in the fame manner, though the ſaid 
Angle of Incidence exceeds 40 Degrees. So that it does not exceed 
bo Degrees. But it is the more ſenſible, the ſmaller this Angle be- 
twixt the ſaid Limits is. 


This Experiment does not agree with the Reflexion, ariſing from 
the ſtriking againſt the ſolid Parts. 

In the following Part of this Book we ſhall alſo ſee, that thin 32 54. 
Plates, which reflect Light, do tranſmit it, if they become thicker, 

This Experiment alſo proves, that the reflecting Force is the greater, 3255. 
the greater the Refraction in the reflecting Surface is; for Glaſs and 
Air differ more in their refracting Force, than Glaſs and Water do. 

From this Experiment we alſo deduce, that the Reflexion is made 3256. 
from the ſame Force, by which the Rays are refracted; which in af- 
ferent Circumſtances produces different Effects. 

A Ray, which paſſes out of a more refracting Medium into a 3257. 
leſs refracting one, recedes from the Perpendicular by Means of the 
Attraction of that Medium “; if the Obliquity of the incident “ 2782. 
Ray be increaſed, the Obliquity of the refracted Ray is increaſed 
alſo, 'till at laſt this moves in the Surface itſelf, that ſeparates the 
Mediums. Which obtains, when the Sine of the Angle of Inci- 
dence is to the whole Sine, as the Sine of Incidence, in the firſt 
Medium, is to the Sine of Refraction in the ſecond ; for in this Caſe 
the Angle of Refraction is a Right one. If the Obliquity of the 
incident Ray be further increaſed, it is manifeſt that the Ray cannot 
penetrate into the leſs refracting Medium; this is the Caſe, in which 
all the Light is reflected; which Reflexion depends upon the At- 
traction with which the Rays are refracted. | 

Let E F be the Surface ſeparating the more refracting Medium X Plate 104. 
from the leſs refracting one Z; let us ſuppoſe the Space of Attracti- Fig. 5. 
on * to be terminated by the Surfaces G H, IL; if a Ray, as A b. * 2806. 
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be ſufficiently bent by the Attraction of the Medium X, ſo that, 
before it ſhall have paſſed through the whole Space of Attraction, 
the Tangent to the Curve be parallel to the Surface ſeparating the 
Mediums, the Curve being continued goes back ; and 7 wi". the 
Ray is reflected along CD, from the Attraction of the Medium, 


whoſe Action upon the Light overcomes the oppoſite one. This 


Continuation of the Curve 1s fimilar, and equal to the firſt Portion, 
and makes the Angle of Reflexion equal to the Angle of Incidence; 
becauſe the Light returns along the ſame Part of the Space of At- 
traction, and the ſame attracting Forces act upon the Light in cor- 
reſponding Points of the Portions of the Curve, Thus a Body 
projected, deſcribes fimilar and equal Curves, in it's. Aſcent and 


_ Deſcent. 


| Now as the Reflexion of the Light, in this Caſe, is plainly to be 
attributed to the Cauſe of Refraction, who can imagine, when the 
Inclination is diminiſhed, ſo that the Ray in part paſſes through, 
that another Cauſe is to be ſought *? 

Nevertheleſs it is manifeſt that all Reflexion does not depend upon 
this Attraction in the Nw manner ; for in that Caſe in which the 
Refraction is given, the Light is in part reflected; the Light does 
not indeed wholly paſs out of the leſs refracting into the more re- 
fracting Medium; for in this Caſe alſo, in which the Attraction is 
moſt oppoſed to the Reflexion, ſome Rays are reflected; which 
Effect muſt be attributed to the Repulſion, which we have alſo 
found to act where there is Attraction *. 


From all this it follows that the Reflexion in every Caſe, bas 4 
Relation to the refracting Force. 

Therefore where Light paſſes without Refractiůon, there it is not 
reflefted * ; but where 2 Refraction is greateſt, there alſo the Reflexi- 
on 1s flronger ; the Light being ſuppoſed in the Air, the Surface 
of the Glaſs reflects more ſtrongly, than that of the Water; and 
the Surface of Diamond ſtill tronger. The Glaſs and Diamond 
being immerged in Water, in the Separation of theſe Bodies by the 
Water the refracting Force is leſs, than the Air, and of the ſame 
Bodies: Theſe Bodies alſo reflect Light leſs ſtrongly in Water, than 
in Air, If Light moves in Glaſs, and ſtrikes againſt the Surface of 


Air, it is all reflected at a leſs Obliquity, than when it ſtrikes againſt 
- the Surface of Water *. 


From what has been hitherto explained concerning Reflexion 
we infer, that it is not made in the Surface of Bodies; but that 


3201. Light is rfl ted at a certain Diſtance from Bodies, in the ſame 


2 manner 
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manner as the refracting Force acts at a certain Diſtance from a 
Body; which Propoſition we can alſo deduce from the Reflexion 
of Light from Surfaces made ſmooth by Art; for it has been obſerv'd, 
that Bodies, that are made ſmooth by Art, reflet Light regularly, 
though there are 1nnumerable Scratches in their Surfaces : For they 
are poliſh'd by the rubbing of Powders, and how ſmall foever theſe 
Particles are, they leave large Scratches on the Surface with regard 
to Light; whence the Reflexion in the Surface muſt neceſſarily be 
irregular ; but if we conceive the Reflexion to be made at a ſmall 
Diſtance from the Surface, the Irregularities are diminiſh'd, and al- 


moſt wholly taken away; as is eaſily perceiv'd if we conſider the 
Matter, 


3202. 


CH AP. TIY. 
Of plane Mirrors. 


ET bc be the Surface of a plane Mirror; R the Radiant 3263. 

Point. Let the Plane of the Mirror be continued, and let Plate 10 > 
down to it the Perpendicular RC from the Radiant R; if this be F ig. 6. 
continued, and Cr be equal to CR, r will be the Point of Diſperſion 
of the reflected Rays coming from R. 

Let Rb be the incident Ray; bf the reflected Ray; let this be 3264. 
continued beyond the Speculum; by reaſon of the Angles of Inci- 
dence and Reflexion being equal to one another *, the Angles * q24r. 
RSC, fb d, their Complements are alſo equal; to this the oppo- 
ſite vertical Angle 76 C is equal 1: The right angled Triangles # 1 5. El. s. 
RSC, rbC have the common Side C5, and the Angles C5r, 
CbR equal; therefore they agree in every Thing, and CR and. 
Cr are equal to one another *; which Demonſtration may be ap- * 26. El. I. 
plied to all other Rays, proceeding from R, in what Plane ſoever 
perpendicular to the Plane of the Mirror, they be conceiv'd. There- 
fore whereſoever a Spectator be, if the reflected Rays come to him, 
they will enter his Eyes, as if they came from y; and the Point 
R will appear in this Point ; but te Appearance of this Point 3265. 
bas the ſame Pofition with regard to the Mirror, behind it, which the * 3122, 
Radiant Point itſelf has before it. 

Which if it be applied to all Points of the Object, it will appear, 
that the Object appears behind the Mirror in that Poſition, which if 4:60. 
really has before it, 
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Fig. 1. 
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If there be many Mirrors, and the Light reflected from one, 
ſtrikes againſt another, in order to diſcover the Place in which the 
Object appears, we have the Image in the firſt Mirror for an Object 
with regard to the ſecond, and ſo of the others. This Rule alone 
is ſufficient to explain all the Phenomena of plain Mirrors, howſo- 


ever combin'd. 


CHAT MT. 
Of convex ſpherical Mirrors. 


VERY ſpherical Surface may be conſidered as made up of 
innumerable ſmall Planes * ; and a Plane touching the Sphere 
in any Point, 1s, as it were, a Continuation of ſuch a ſmall Plane. 


Spherical Mirrors are either concave, or convex. 


The former are made of a concave poliſhed Portion of a Sphere. 


And the latter of parts of Spheres poliſhed on the outſide. 


A Ray ſiriking upon any ſpherical Mirror, together with it's re- 


fleted Ray, is in the ſame Plane, which Plane being continued, paſſes 


through the Center of the Sphere *, for ſuch a Plane is perpendicular 


to the Surface of the Sphere. 


A Line which is drawn through the Center of the Sphere and Point 
of Incidence, being continued, makes equal Angles with the incident and 
reflected Rays *, tor this is perpendicular to the Surface, and theſe 
are the Angles of Incidence and Reflexion: Therefore the Ray which 
paſſes through the Center, or which being continued would paſs through 


the Center, when reflected, returns upon it ſelf. 


Let R be the radiant Point; GaG is the convex Speculum ; 
C the Center of the Sphere; and G D a part of a Section of the 
Sphere continued: Let Ra, Rb, Re, Rd, be incident Rays, 


when reflected they will be a R, bn, cm, dl x. 


rom the Radiant Point R, a Tangent be drawn to the Mirror, the 


reflected Ray will be the Continuation of the incident Ray, 


Or ra- 


ther the Reflexion of the Rays is terminated in the Point of Contadl. 
If the Rays Id, im, nb, Ra, which ore reflected from the convex 
Mirror, be continued out, with all the intermediate ones, their Ju- 
tcrſeetions will form the Curve F G, which all thoſe Rays touch, and 
the adjacent Rays interſect one another in the Circumference of thc 
Curve itſelf; ſo that they always enter the Eye as if they came from 


ſome Point of the Periphery ; in which therefore the Image 


of the 
Point 
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Paint does always appear , as long as the reflected Rays can come * 122. 
to the Eye, and the Eye be moved in the Plane going through the 


3276. 
Center of the Sphere. But when the Eye is removed cut of that Plane, he 
the radiant Point appears in ſome other Curve, becauſe there are ſuch 
Curves 1n every Plane, which may be conceiv'd to paſs through the 
Line R C. 
If the Eye be in the Line 4}, the Point / of the Curve, from 4277, 


which the Rays ſeem to proceed, is determin'd by this Proportion : 
The incident Ray Rd is continued to D; the Point e is mark'd in 
ſuch manner that Je may be equal to a Quarter of the Cord 4D, 
and Re is to Rd, as de is to df; Which we ſhall demonſtrate in 
the following Scholium. 

In the ſame Scholium we ſhall alſo conſider the Thing more ac- 3278. 
curately, and we ſhall ſee that all, which we have delivered con- 
cerning the Tranſlation of viſible Points through the Curves men- ? 
tioned, as likewiſe that which I ſhall preſently add, belongs to other 1 
Curves; but as the Conſideration of theſe ſecond Curves is intricate, q 
and as our Mind rarely refers the Point itſelf of the Object to the {| 
viſible Point *, it is ſufficient to conſider the firſt Curves, upon * 3124. 
which the ſecond depend, as will be ſeen in the ſaid Scholium. 

If the Rays be direct, that is, if Ra be given amongſt them, 8 1 
which being continued would paſs through C, RE and RF are 
in the ſame Line *, and aF is leſs than 42 E which is equal to a * 
Quarter of the Diameter. 

The Point F coincides with E when R is remov'd in inſiuitum; for 3280. 
then Ra, RE, muſt be look'd upon as equal. 

The Point F is, of all the Points of the Curve, the moſt diſtant from 3281. 
the Surface of the Speculum. 

Now any radiant Points being given, all the Curves of theſe 
Points, and indeed the whole Curves are within the Sphere ; and 
therefore all the Objects appear behind the Surface of the Speculum. 3282, 
If the Point R be mov'd about the Speculum, the whole Curve 
GFG is carried with the ſame Motion ; therefore as the Radiant 
aſcends, the Repreſentation aſcends alſo, and the contrary; and the 3284. 
Objects appear erect. 

How great ſoever the Space taken up by the Objects be, the Ap- 
pearances are incloſed in a ſtrait Line . Whence it follows that * 3280. 
the Objects appear diminiſhed. EP „ 

7 the Eye be mov'd, the Appearance of the Object is alſo meu d, 4286. 
and it's Figure chang'd : For all the Points are mov'd in their own 
Curves, and that unequally, according to the different e 

10 
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the Eye in reſpe& of each Curve; whence of Neceſſity the Fj 
muſt be chang d. r the Figure 


EXPERIMENT. 


3287. If any one ſees his Face in a ſpherical convex Mirror, tang 
Plate 105. ing at A, he will ſee his Face ere& at a, diminiſh'd and unlike ; 
Fig. 2. by the Motion of the Eye one may obſerve the other things men- 

tioned, in reſpect to fix d Objects. 


SeHOrLI UM I. 


The Demonſtration of the Rule deliver d in N. 3277, whereby the 
Appearance of a Point is determin d. 


3288. ET there be the incident Rays RA, Ra, which we conceive to be 
Pl. 105. F. 3. continued, as far as D, d; and AD is =4 AE. And let there be 
the reflected Rays AI, ai, which being continued backwards to AB, 40, 
mutually interſect one another at F. The Angle A Ra being ſuppoſed 
very ſmall, F is ſought. 
. RA, Ra: : Rd, RD. 
16. El. 6. Therefore the Triangles RA a, RD d are ſimilar +; and 
6 Da, Aa: : RD, Rea or RA; 
for theſe are taken as equal, by reaſon of the ſmall Angle DR «, 
3289. By Compoſ. Dd + Aa, Aa: : RD+RA, RA. 
2 35. E 3. In the ſame manner FA, Fa: : F, FB*, 
16. El. 6. And the Triangles FA a, FB are ſimilar ; and 
T 13. El. 1. BS, Aa: : FB, Fa or FA. 
6... By Diviſ. B — Aa, As: : FB - FA, FA. 
3290. By reaſon that the Angles of Reflexion are equal to the Angles of 
3291. Incidence *, DAC, BAC are alſo equal, as alſo da C and 54 C; 
* 3271. Wherefore the Chords AD, AB, and ad, ab are equal; therefore 
+15. El. 1. AD—ad AB - 43; that is, Aa ＋ Dd = Bb— Aa; and the firſt 
» 2280. 3290. Ratios of the Proportions deliver*d above * agree. 
Therefore RD + RA, RA: : FB—FA, FA, 
By Compol. RD + 2RA, RA : : FB, FA. 
By Comp. and Altern. RD + 2RA, AB:: RA, FA. 
But RD + RA =4RA|4AE =4RE, and AB= AD=4AE; 
Therefore ARE, 4AE : : RE, AE: : RA, FA. 
According to the Rule, which is deliver'd in the ſaid N. 3277- 
3292. It we conceive the Lines RA, Ra to revolve about RC, the Angles 
ARC, RC remaining, the Point F will deſcribe a Circle; and it is ma- 
nifeſt that only thoſe Rays, which are in the Plane of the Figure, mect 
ar F : If, therefore, the Rays proceeding from R make a Cone or Pyra- 
mid, the Rays, how little ſoever diſperſed, don't meet in one Point, 8 
y 
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by mutual Interſections make a ſmall Portion of the ſaid Circle, name! 

a ſmall Line perpendicular to the Plane of the Figure at F. The ſame. 
Rays alſo paſs all along the ſmall Line L /, fo that what obtain'd in the re- 
fracted Rays“, takes Place here, in the imaginary Interſections of the Rays 2901. 2987. 
produc'd backwards. Whence it follows, if we conſider the Thing ac- 
curately, that the Point F is not a viſible Point “; but that the ſquare “ 3192. 
Spot 1s to be look*d upon as ſuch, as has been mention'd above +. The ＋ 290. 
Place Q of this Spot, if we conſider the Rays, which go directly through 

the Pupil into the Eye, is determin'd, if in the Line AL, in which the 

Point F is now given, the Point Q be determin'd in ſuch manner, that 

the Line may be divided harmonically ; that is, that LA, LQ : : AF, 

FQ. AP being drawn through A, parallel to RC; draw through P, 

taken at Pleaſure P F, which cuts RCatS; LS being divided into 

equal Parts at s, the Line Ps will determine the Point Q. 

But all this is of no Uſe in explaining Phenomena *. Therefore it is 3293. 
ſufficient to have explain'd what relates to the Curves, paſſing through * 3124 
Points as F, neglecting the ſecond Curves, which paſs through Points as 
Q; this we know, that the Appearances are chang'd with the Points, as 
F and Q, which are always chang'd together : For which reaſon, in the 
following Chapter I ſhall only conſider the firſt Curves. 

When incident Rays, a little diſperſed, are direct, that is, if among 3294. 


theſe there be a Ray, which continued would paſs through C, the Points 
F, Q, and L coincide. 


C H A P. XVI. 
Of ſpherical concave Mirrors. 


HEN we conſider Objects, ſeen by Rays reflected from 3295. 
a Mirror, it is needleſs to treat ſeparately of direct and 

oblique Rays; becauſe, whilſt ſome few Points of an Object are 

ſeen by direct Rays, all the reſt are ſeen by oblique Rays. For 

this reaſon in the laſt Chapter I did not treat ſeparately of direct 

Rays; but as other Phenomena alſo are to be explain'd in this 

By which depend upon direct Rays, I ſhall treat of theſe 

ſt. 

Let there be a concave Speculum BD, C is the Center of the 3296. 
Sphere; let direct parallel Rays fall upon the Surface of the Mirror, Plate 105. 
among which is CD paſſing through the Center; by Reflexion Fig. 4. 
this returns upon itſelf *, and the neighbouring Rays, being reflected“ 3272. 


cmverge, and meet with it at the Focus F, the middle Point betwixt 
D and C. 
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Let AB be a Ray at a ſmall Diſtance from C D, draw the Semi- 
diameter CB; the Angle of Incidence will be ABC, to which 


the Angle of Reflexion CB F is equal *, as alſo the alternate An- 
+ 29. El. 1. 
T 6. El. 1. 


ie BCF; therefore BF C is an Iſoſceles Triangle, and the 
Sides FC and FB are equal $. By reaſon of the ſmall Arch BD, 
FD and FB do not ſenſibly differ; therefore FC and FD are equal: 
Which Demonſtration agrees to all the Rays at a ſmall Diſtance 


from CD. 


3298. 


3299. 
Plate 106. 


Fig. 7. 


* 3051. 
3300. 


3301. 


3302. 


332s 


If the parallel Rays be at a greater Diſtance from C D, the 
will not meet at F; but they all meet in a ſmall Circle, whoſe 
Diameter depends upon the Magnitude of the Mirror. 

The Rays which come from any Point of the Sun, fall parallel 
upon the Mirror ; and if they be a little diſpers'd, they meet in a 
Point in that Ray, which paſſes through the Center of the Sphere. 
If DA and E B be Rays proceeding from the Extremities of the 
Diameter of the Sun, theſe being reflected meet at à and & with 
all the others, proceeding from the ſame Points of the Sun, and 
reflected from the Mirror. If theſe fall upon a Plane, they will 

ive the Images of the ſaid Points at à and 5, and we have the 
mage of the whole Sun in the fame manner, and the Line 40 is. 
the Repreſentation of the Diameter. 

As in this Image, a great Plenty of the Sun's Rays is collected 
in a ſmall Space, we have the ſame Effect as in Burning Glaſſes * ; 
and concave Mirrors are Burning Glaſſes, which for the moſt part 
burn Bodies more violently than Glaſſes ; becauſe they may eaſily ex- 
ceed Glaſſes in Magnitude. 

When the Diameter of a Mirror is ſmall, for Example, not ex- 
ceeding ſix Degrees, the Image of the Sun is diſtin, and all the 
Rays, reflected from the Speculum, paſs through it; then the 
tmall Line a6, which is the Diameter of the Place, where the 
Combuſtion is, is leſs than the hundredth part of the Diſtance A a, 
or Bb, as will be ſeen in the firſt Scholium following. 

It the Mirror be inlarg'd, the Image becomes imperfect, and 
by this the Diameter of it is increaſed ; but the Effect of the Mirror 
is increaſed by this Dilatation, becauſe the Number of Rays paſſing 
between à and 6 is increaſed. But it is needleſs to increaſe the Mir- 
ror in ſuch manner, that the Arch LM, which determines the 
Diarneter of the Mirror, may exceed five Degrees; for the Mirror 
being ſo order'd, that 26 may anſwer to the Center of it, none of 
thoſe Rays, which would ſtrike againſt the Mirror beyond M and L 
can come to the Image à, , and increaſe the Effect of the , 

| 


Chap. 16. of NVatnral Philoſophy. 211 


if the Diameter of the Mirror ſhould exceed the ſaid Meaſure of 
twenty five Degrees. | 


EXPERIMENT I. 


Let there be a concave Speculum S made of Metal, or Glaſs, that 3304. 
has Quickfilver upon the back part of it. This is ſupported by two Plate 10 5. 
Pillars A B, A B, between which it is inclined as you pleaſe, theſæ F ig. 5. 
are in a tranſverſe piece of Wood aa, which is put upon the Stand 
P, and is moveable about an Axis going into the Stand itſelf. 

The Mirror is expoſed to the Sun Rays in ſuch manner that the 
Rays which come to the middle Point of the Mirror may be per- 
pendicular to the Surface of it; as all the other are parallel to this, 
they are collected in the Image of the Sun, at a Diſtance from the 
Mirror equal to a Quarter of the Diameter of the Sphere, and 
there burn violently. 

If the Diameter of the Surface of the Mirror be as in mine, 
about fifteen Inches, and the Focus be at the Diſtance of a Foot 
and half, Wood is immediately ſet on Fire, and thin Plates of Lead 
are melted in a ſhort Time. 

It two ſuch Mirrors be placed vertically, in ſuch manner, that 3305. 
the Line, which paſſes through the Centers of both, may paſs through 
the Center of the Spheres, we may extend the Action of a burning 
Coal to a great Diſtance. 

Let the Diſtance between the Mirror be twenty Feet, and a 
Burning Glaſs plac'd in the Focus of parallel Rays in the faid Line, 
let Gunpowder be placed in the Focus of the other Mirror in the 
{ame Line; if you make the Coal burn fiercer with a Pair of Bellows, 
the Gunpowder will be ſet on Fire; for by the ſecond Reflexion 
the Rays are collected, which after the firſt are 7 For when 3306. 
the Focus, in which the parallel Rays are collecte the concave Spe- 
culum, becomes the radiant Point, the Rays being a little diſperſed, 
are reflected parallel to one another *. 3296.3 244. 

at has been ſaid + concerning parallel Rays a little 17. 3307. 
and direct, may alſo be apply d to oblique Rays. For if there be ſuch Plate 105. 
Rays D A, d a, theſe being reflected mutually, interſect one another Fig. 6 
at F in ſuch manner, that AF may be equal to a Quarter of the T 3296. 
Cord AB; which follows from the Propoſition which will be pre- 
ſently deliver'd *, and demonſtrated in the following Scholium. “ 3315. 

Hence we deduce a Method of repreſenting Objects in a dark 3308. 
Place, like that mention'd before, by making uſe of a convex 
Lenſe x. * 305d. 
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* 3307- 


3309. 
Plate 106. 


Fig. 2. 


* 3060. 


Fig. 1. 
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Let there be a Hole F in a Wall; let ab be a concave Specu- 
lum, fo plac'd, that the Rays paſſing through F, and which are 
perpendicular to the Wall, may be direct, and if they are parallel, 
they may after Reflexion be collected in the Center of the Hole: 
The Rays which being reflected from Objects mutually interſect 
one another in this Center, are reflected perpendicular to the 
Wall x. 

Let AF be Rays proceeding from a Point of a diſtant Object, 
which we look upon as parallel by reaſon of the Diſtance of the 
Point; among theſe, that which paſſes through the Center of the 
Hole is reflected from the Mirror perpendicular to the Wall *, and 
together with this the reſt of the Rays proceeding from the fame 
Point, are collected at a, where the Repreſentation of the Point is *. 
In the fame manner the Rays along BF proceeding from another 
Point, are collected at 5; which as it obtains in Reſpect to all 
the Points of the Object, they have all their Focuſſes; but all theſe 
Focuſſes, as far as can be perceived, fall upon the Surface itſelf of 
the Wall *, and there give the Picture of the Object. 


EXPERIMENT 2. 


In a dark Place the Window is cover'd with the white Paper A 
in the Middle of which is the Hole F, whoſe Diameter is ſome- 
what greater than half an Inch, and which agrees to the Hole in the 
Window, to which various Objects illuminated by the Sun anſwer 
at the Diſtance of at leaſt fifty Feet; the concave Mirror 8, the 
Diameter of whoſe Surface is fifteen Inches, and which collects pa- 
rallel Rays at the Diſtance of eighteen Inches, is plac'd, at this Di- 
ſtance from the Window, in ſuch manner that a Line, paſſin 
through the Center of the Hole, and the Center of the Surface of 
the Mirror, may be perpendicular to the Plane of the Paper and 
the Surface of the Mirror, then the Objects are repreſented above 
the Paper in a Circle concentrick with the Hole, and whoſe Dia- 
meter ſcarce differs from the Diameter of the Mirror. A hollow'd 
truncated Cone is join'd to the Hole without the Chamber, to in- 
clude the Light which does not come from the Objects to be repre- 
ſented X. | 

Something like this we demonſtrate with regard to near Objects. 
Let R be the Radiant Point, R Ca a Ray running directly againſt 
the concave Mirror LM, the Center of whoſe Sphere is C; this 
is reflected along a C, and the neighbouring ones proceeding from 
R as Rb meet with it at f, which Point, as we demonſtrate in the 

Scholium, 


Chap. 16. of Natural Philoſophy. 213 


Scholium, is found by this Proportion : Let e be the Focus of pa- 
rallel Rays *, as Reis to Ra, ſo is e to 4; if , becomes the * 329. 
Radiant, R will be the Focus, which is found in the ſame man- 
ner; for from that Proportion we deduce this, fe is to fa as ae 
is to a R. If there be many radiant Points, every one will have 
it's Focus, and by Means of them an Object may be repreſented. 
Let C be the Center of the concave Speculum ML and AB 3371. 


a lucid Body, which is at a leſs Diſtance from the Speculum than Plate 196. 


from the Center C, the Ray Ad, which is perpendicular to the Fig. 3. 
Speculum, is reflected along 4 A Ca, and has it's Focus at a. We 

Treaſon in the ſame manner concerning the other Points of the lucid 

Body, an inverſe Image of which is made at @ 6. 


EXPERIMENT z. 
The concave Speculum 8 being put into a vertical Poſition, let 33 12. 


the Flame of a Candle be placed between the Center of the Sphere Plate 106. 


and the Focus of parallel Rays at F; if direct Rays coming from Fig, , 
the Flame, being reflected from the Speculum, fall directly upon 
the white Plane P, placed at a juſt Diſtance beyond the Center, 
the Picture of the Flame will be inverted. 
The Diſtance of the Plane from the Speculum is the leſs, the 
greater the Diſtance of the Flame from the Speculum is *. * 3310. 
If the Surface of the Speculum be ſmall, the Repreſentation is 3313. 
accurate, that is circular; becauſe the Rays that are a little diſperſed 
are collected accurately enough. If this Surface be greater, the 
Repreſentation of the Flame is ſurrounded with a kind of falſe 
Light, which is to be attributed to the more oblique Rays of which 
I ſhall now ſpeak more diſtinctly, for the Appearances of Objects 
belong to theſe chiefly. 
Let there be a concave Speculum ad; C the Center of the Cavity; 4314. 


R the radiant Point, at a greater Diſtance from the Speculum than Plate 106. 


the Center C; Ra, Rb, Rc, Ra, the incident Rays, of which Fig. 5, 

the refl:ted Rays a C, bg, c b, di, by mutual Inter ſections with the 

intermediate ones, make the Curve F f 1, which they all tcuch; there- 

fore the Point R appears in this Curve, and, the Eye being mov'd in 

the Plane of the Curve, the Appearance is transfer'd along this 

Curve, as has been ſaid of convex Speculums “. 3275. 
In the ſame manner alſo, as has been explained of convex Spe- 3315. 

culums, we diſcover the viſible Points; if the Eye be in the | 

Line di, along which the incident Ray Rd is reflected, which 


cuts the Sphere continued at D, de being taken equal to a __—_— 
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of the Cord D d, RE will be to Rd, as de to df, as has been ſaid 

* 3377. of a convex Speculum “. 
But in every one of the Planes, which may be conceived to paſs 
through CR, there is ſuch a Curve; they all meet in the Line 

3316. 4 CR, namely at F. Therefore at the ſaid Point F the reflected 

Rays are collected in the greateſt Plenty; which therefore is call d 

the Focus of Rays proceeding from R; vice verſa R is the Focus, 

* 3244. the Radiant being ſuppoſed at F *, and theſe are the Points, ſpoken 
+ 3310. of above . 

In this Figure the Part of the Curve which is one Side of the 

Line RC is only delineated; a like Part muſt be conceived on 

the other Side; both are joined in the Focus of the radiant Point. 

3317. As the radiant Point recedes, the Curve approaches the Speculum. 

As the Radiant approaches, the Curve recedes from the Speculum, 

and 1s mov'd toward the Radiant itſelf, Let R be the radiant Point, 

Plate 107.and Da D the Speculum, /d is the Curve; and as the Radiant 
Fig. 4. approaches towards the Center C they are contracted ; but , he 

3318. Radiant be in the Center itſelf, all the reflected Rays coincide with the 

* 3272. incident Rays * ; and the whole Curve as it were is collected in the 
Center. | 

3319. AT the Radiant approaches till nearer, ſo as to be between the Cen- 

ter and the Speculum, the Curve recedes more alſo, which then :s 

beyond the Center; if DAD be the Speculum, 4F 4 is the Curve, 

in which the Point F recedes moſt of all ; in which all the Curves, 

which are conceiv'd in the different Planes, meet, and it is the Fo- 

3320. cus of the radiant Point, which is at an infinite Diſtance, when the 
Plate 107. Diſtance of the Radiant from the Speculum is equal to a Quarter of 
Fig. 5. the Diameter of the Sphere *, then the Curve is extended in infi- 
* 3297-3390 „tum, and the two Sides, which tend to the Focus of the radiant 

Point, are ſeparated. 

3321. Tf the Radiant approaches nearer, the Sides, as d I, dl, mutually 
Plate 107, decline more from one another, becauſe the Rays reflected from the 
Fig. 6. Part of the Speculum 5 A þ diverge ; that is, being reflected they 
| mutually interſe& one another continued beyond the Speculum, 

and make a new Curve behind the Speculum, which alſo confiſts of two 
Legs fl, fl, theſe meet in the Line CR continued, namely, at 
J; and in receding from the Speculum are ſtretch'd out in infinitum. 
2322, On each Side of the radiant Point there is given in the Surface a 
Point as 6, which ſeparates the Rays making the Curves fl, dl. 
and the Ray R being reflected to g touches neither Curve, if 
it be continued in infinitum, although it approaches to each Curve 
nearer and nearer. | This 
2 
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This Point 5 may eaſily be determin'd if the Chord 4B be drawn; 3323. 

R 4 will be equal to a Quarter of it *, but this Part & R is a mean“ 3307, 

Proportional between the Part RA of any other Chord, paſſing 

through R, and a third Part of the remaining Portion R @ of the 


fame Chord . T3 5 El. z. 


If the whole Sphere ſhould be finiſh'd, with reſpect to the op- 3324. 
poſite Part of the Sphere, the Radiant would be at a Diſtance be- 
yond the Center, and the reflected Rays would make the Curve 
4 Fd, mention d before *, whoſe Legs d F, Fd, would join the“ 3314. 
ſeparate Legs d 1, dl. 

In the ſecond Scholium I ſhall ſpeak farther of theſe Curves, 
and ſhall demonſtrate what is only mention'd here ; but now I 
ſhall briefly explain the Phænomena, which follow from what is 
ſaid, | 

Ohects plac'd beyond the Center are ſeen between the Speculum and 3325. 
the Center; for all the Points appear in the Curve as F / , the Plate 106, 
Images of the Objects are alſo diminiſſyd and Inverted : For they Fig. 5. 
are reduced into-a narrow Space ; and in the Deſcent of the Point * 3314- 
R the Repreſentation of it aſcends; for the Curve F/, keeps the 3326. 


ſame Poſition with Reſpect to R Ca, which turns about the 
Center C. 


EXPERIMENT 4. 


That the Repreſentation of the Objects may not be leſs vivid by 3327. 

Means of the extraneous Light, the Speculum muſt be incloſs'd in Plate 106. 
the Box. Let there be a Speculum, the Diameter of whoſe Surface Fig. 6. 
1s about eight Inches, and which is a Portion of a Sphere of the 
Diameter of one Foot and a half; let this be incloſed in the Box P, 
in whoſe fore Part there is a Hole of the Diameter of about five 
Inches, and from which the Speculum is diſtant three or four In- 
ches; it is neceſſary that this Aperture be turn'd from the Light. 
Now if any one at A, beholds himſelf at the Diſtance of about 
two Feet from the Speculum, his Face will appear inverted in the 
Box, towards the Aperture; if the Spectator approaches, his Head 
will appear to be out of the Box. 

The Repreſentation of a Point placed in the Center of the Sphere, 332%: 
caincides with the radiant Point itſelf, and is as it were ſwallowed up 
by it *, ® .23418. 

17 the Eye be plac'd in that Center, no Object will be ſeen by it; 3329. 
for thoſe Rays only which come from the Eye are reflected to it *. * 3272. 
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parallel Rays that are reflected are collected, the Object alſo appears 


Appearance of the Object may be double, or triple, as at O; but this 
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Fan Object be between the Center and the Point in which the 


without the Mirror, at a greater Diſtance from the Mirror than the 
Object itſelf *; and it's Repreſentation is inverted : Which is proved 
in the ſame manner as in N. 3326; and enlarged, becauſe this is 
more diſtant from the Center than the Object is; for the Repre- 
ſentation infinitely recedes from the Center, while the Object is 
moving through a fourth Part of the Diameter of the Sphere “. 

If the Object be leſs diſtant from the Mirror than a fourth Part of 
the Diameter of the Sphere, the Object will appear either before or 
behind the Mirror, according as the Eye is placed. If the Eye be fo 
placed, that the reflected Rays which form the Curve /f/, may 
come to it, it will ſee the Appearance of the Object magnified 
beyond the Mirror * ; becauſe the Curves, as /f, which belong to 
ſeveral Points, are diverging. 

If the Rays, which form the Leg 4I, come to the Eye, the 
Object will appear without the Mirror; and in both Caſes the Re- 
preſentation is erect; for as the Point A riſes or falls, the Curves /f, 
41, in which it is repreſented, are moved with the ſame Motion. 

If the Eye be in the Point, in which reflected Rays, reaching to 
different Parts of the Curve, mutually interſect one another, the 


cannot happen if the Mirror be made of too ſmall a Portion of a 
Sphere. 
"It eaſily appears in every Caſe, that the Points of the Appearance 
have not the ſame Relation to one another, which the Points of the 
Object have; and that therefore @ concave Speculum never re- 
preſents an Object exactly: But the Repreſentation is very irregular, 
which is in the Lines, as JI. 
With regard to which it is to be obſerv'd, which muſt alſo be 
referr'd to /f, V/, that the viſible Points are not in thoſe Curves 
unleſs near the Points d, d, and , becauſe the Rays which belong 
to other Parts of theſe Curves and fill the Pupil, cannot be looked 
upon as Rays proceeding from one Point only. 
There are alſo cylindric, convex and concave Mirrors, as alſo 
conical convex ones; in one reſpect they are plane, in another ſphe- 
rical : Therefore the Repreſentation of the Object is very irregular, 
which Irregularity, as it depends upon a regular Figure, may be de- 
termin'd in ſuch manner, that Figures may be drawn, which being 
really irregular, ſeem regular, in ſuch a Speculum, in a certain Po- 

ſition of the Eye. 
S C H O- 
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SCHOLIUM I. 
Of determining the Diameter of a burning Glaſs. 


HAT was explained in N. 3299, being given, the Angle DCF, 3337. 
to which BCA 1s equal, determines the apparent Magnitude of Pl. 106. F. 7. 

the Diameter of the Sun, and is equal to about 32. The Diameter 5 a 
of the Image of the Sun is equal to half the Chord B A *, that is, it is * 
equal to the Sine of the Arch 161, which, ſuppoſing the Radius AC 
100000, is equal to 465, and is to A = 10000, as 1 to 108; whence 
appears what was ſaid in N. 3301. 

Rays parallel to the Ray CO, if they be at a ſmall Diſtance from it, 3338. 
being reflected paſs along 4; if they be at a greater Diſtance they meet 
with CA between A and a, as follows from what is before demon- 
ſtrated . But thoſe, which fall upon the Speculum between A and M,“ 3297. 
if they pals along the {mall Line 4%, increaſe the Effect; but if the Arch 
AM 1s equal to twelve Degrees, the Ray GM being reflected along 
MH paſſes beyond 5 along 7, and cannot aſſiſt the Combuſtion between 
a and , as will appear from a Computation made. | 

Let MN, the Sine of an Angle of twelve Degrees, be 20791; NC 3339. 
the Co- ſine of the ſame Angle 97515. 4 

MHC is an Iſoſceles Triangle *, therefore HI, which is perpendicu- * 3297, | 
lar to MC, divides this into two equal Parts at I; and HC is the half | 
Secant of the Angle of twelve Degrees, when the Radius of the Circle 1s 
MC or CA; therefore HC = 51117; NC—HC= NH = 46698; 
HC—aC=Ha=u1117, The Angle ia H wants ſixteen Minutes of 
a Right one; we take it for a Right one, becauſe no ſenſible Error arilcs 
from it; then the Triangles H MN, Hi a, are ſimilar, and N H (46698) 
is to NM (20791), as Ha (1117) is to ai (497): But 4% as we have 1 
ſeen is only equal to 465. But when the Diſtance of the Sun from the b 
Farth is leaſt of all, a / increaſes, and is equal to 480; fo that very few | 
of the Rays fall without the true Image of the Sun; for if A M ſhould {4} 
want eight minutes of twelve Degrees, ai would be equal to 480. This | | 
is the Reaſon why we have determin'd the whole Arch MN, that is the 4 


Diameter of the Speculum, 25 Deg. *, left the Rays, which can increaſe 3303. bi 
the Effect, ſhould be wanting. Ul 


3297. | 


SCHOLIUM II. 
Of cauſtic Lines by Reflexion. 


HE. curve Lines, mention'd in N. 2314, and the following, are 3340. 

4 call'd cauſtic Lines; we have explain'd how their Points may be 
diſcover'd *, and ſeen, that the Determination is not different from that“ 3315. 
Y 0.1L Ff deliver'd 
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deliver'd for convex Speculums *, a Demonſtration of which we have 


given in the Scholium of the laſt Chapter Þ. 

As there, ſo here alſo we have the following Proportion; which is de- 

monſtrated in the ſame manner as there. | | 

RD+3RA, AB:: RA, FA. 
but RD +£3RA=4RD +3DA=4RD +4DE =4RE; for we 
ſuppoſe AE TAD. 

Therefore 4RE, 4AE:: RE, AE: : RA, FA. Which was to 
be demonſtrated. 

The Demonſtration differs little from this when the Point R falls within 
the Circle. 

Then Aa—Dd =Bb— Aa; 

Alſo inſtead of the Proportion Dd ＋ a, Aa: : RD+RA, RA, 
we eaſily have this Aa — Dad, Aa: : RA RD, RA. 

We allo have Bb— Aa, Aa: : FB - FA, FA“; 

Therefore RA - RD, RA: : FB — FA, FA. 

By Compoſ. and again by Comp. and Altern. 3 RA — RD, AB = 
AD: : RA, FA 

But 3 RA - RD = 3 RA ＋— 3 RD — 4RD = 3AD — 4RD = 
4DE—4RD=4RE. 

Therefore 4RE, 4AE : : RE, AE: : RA, AF, as above *. 

From this Determination of the Point F we deduce, that the Point F 
is in the middle of the Chord AB, when the radiant Point is in the mid- 
dle of the Chord AD; for then RES AE,; and therefore RA = AF. 

As the Radiant approaches the Focus recedes, and vice verſa. 

When the Radiant is at E, AE infinitely exceeds RE, which is equal 
to nothing; therefore AF infinitely exceeds RA, that is, the reflected 
Rays are parallel, as has been ſhewn “. 

It the incident Rays are parallel, of which we have e in N. 3307, 
we take the infinite ones, RA, RE as equal, therefore AF, AE are 
alſo equal; which alſo follows from the general Law of Refraction “, 

It the Radiant R be between E and A, the firſt Term of the Propor- 
tion RE is negative; therefore alſo the laſt AF, that is, the diverging 
Rays are reflected, as has been ſaid in N. 3321. | ; 

In theſe four Figures we exhibit Curves, by conſidering the Reflexion 
of the whole Circumference of the Circle. When the radiant Point R 15 
within the Sphere, there are four Points of the Inflection F, f, in the 
direct Ray, and two others d, d, in reflected Rays, ſuppoling the inci- 
dent Rays to be perpendicular to the direct Ray. ö 

But if the Radiant Point be without the Sphere, the Reflexion can 
only be in Part, without the Sphere at G4 G, and in Part within at 
GAG, the firſt Part GaG being remov'd ; in which Caſe there are 


only two Points of Inflection. 
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GH A P:; XVI 
Of catoptric Teleſcopes. 
W E have ſeen that Teleſcopes, made of Glaſſes, are imper- 


fect for two Reaſons * ; and we have only conſider'd that 
Defect, which follows from the Nature of Refraction. 

When we uſe Speculums inſtead of Glaſſes, the Imperfection 
from the Figure only takes Place (for we don't ſpeak here of the 
Matter, or Induſtry of the Workman); and as this Defect is very 
{mall, the Teleſcopes, of which I now ſpeak, are more perfect 
than others. 

Let there be a concave Speculum AA; C the Center of the 
Sphere, Q the Center of the Speculum itſelf, C Q a Ray pro- 
ceeding from a Point of a diſtant Object, being reflected returns 
into itielf, and with this, the Rays, proceeding from the fame 
Point, which are looked upon as parallel, being reflected, meet at 
F, the middle Point between C and Q *. 

In the fame manner, if C q be a Ray proceeding from any other 
Point at a Diſtance, and paſſing through the Center C, this being 
reflected, meets together with the neighbouring parallel and re- 


flected Rays at E, the middle Point of the Line Cy; and thus of 


any other diſtant Points whatſoever, from which Rays can come 
to the Mirror. Thus the Image of a diſtant Object is made, and 
it is made by direct Rays, wherefore this is perfect, if the Mirror, 
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3329 


or rather the Aperture of the Mirror, be not too large *. This * 3298. 
Image differs from that, which has been ſpoken of above +, which + 3309. 


1s made by oblique Rays; and yet it is accurate enough, becauſe 
the Rays which are but a little diſpers'd are collected ; but in the 
Teleſcope ſuch an Image would be of no Ute. 

A ſmall plane Mirror BB is plac'd upon the Axis C Q in ſuch 
manner as to make an half Right Angle with it. This Mirror, 
though ſmall, intercepts many Rays ; but by that the Image is on- 
ly weaken'd a little, for only the ſmaller Part of the Rays, which 
proceed from any Point of the Object, and tend to all the Points 
of the greater Speculum, is intercepted, the other being reflected 
meet and make an Image of the Point ; or rather would make it, 
Mic, were not all intercepted, being reflected from the ſmaller 
«YLIITOT, 
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Whilſt they are thus intercepted, they are reflected from the 
ſmaller Mirror in ſuch manner, as to be before the Mirror, as the 
would be behind the Mirror, if they were to continue their Mo- 
tion through it; which follows from the Demonſtration deliver'd 
in N. 3264; therefore the Image is transfer d to fe. Now if we 
obſerve this through the Eye Glaſs OO“, we ſhall have the Ob- 
ject very much enlarged. The Place of the Eye is determin'd, 
as has been ſeen above + _ 

The Aperture of ſuch a Teleſcope is very large, if it be com- 
pared with the Aperture of a dioptric Teleſcope *, therefore the 
Picture in the Eye may be very much enlarged by making uſe of an 
acute Eye Glaſs, . ſufficient Clearneſs being preſerved +. In which. 
Caſe alſo the Viſion is diſtinct, becauſe the Aperture is indeed en- 
laarg'd, but yet ſo that the Image remains diſtinct. 

The apparent Magnitude in this Teleſcope is refer d to the apparent 
Magnitude to the naked Eye, as has been ſaid of other Teleſcopes * 
and that is to this, as the Angle OD d is to the Angle F CE, but 
as theie Angies have the equal Baſes d O and FE (for ſuch are 
FE, fe, and this to Senſe does not differ from 4 O) and as theſe 
+, for they are to one another as SC, or QF to Da; 
that is, as the Diſtance, at which the Mirror collects parallel Rays, 
which is /e Length of the Teleſcope t, is to the Diſtance, at which 
the Eye Glaſs collocis parallel Rays. 

What has been ſaid of the Perfection of Teleſcopes made of 
Glaſſes *, muſt be refer'd to theſe alſo; we muſt diſcover by Ex- 
perience what 1s beſt for any given Speculum ; that is, we ought 
to ſeek the Magnitude of the Aperture by Trial, by applying dif- 


. ferent Eye Glaſſes, ſeveral times +, that thus, when the Length of 


the Teleſcope is given we may determine the Aperture, and the 
Diſtance of the Focus of parallel Rays for the Eye Glaſs. 

Let it be now thus diſcover'd, that an Aperture of five Inches 
anſwers to a Length of five Feet, and that an Eye Glaſs is to be 
made ute of which collects parallel Rays at the Diſtance of the 
third of an Inch; when a Teleſcope of a different Length ſhall 
be to be conſtructed equally perfect, that is, which may repreſent 
Objects, equally diſtinct, and with the ſame Clearneſs, we ought to 
obſerve this Rule, which we ſhall demonſtrate in the ſecond following 
Scholium, that te Length 5f Teleſcopes be to. one another as the fourth! 
Powers of the Diſtances of the Fecufſes of the Eye Glaſſes, and that 
the Diameters of the Apertures be as the Cube of the ſaid, Diſtances 3 


then alſo te Amplifications of the Lines are as the Diameters of the 
Apertures. But 
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But the Aperture muſt be altered according to the different 33 59. 
Light of Objects“; and it is proper alſo to make uſe of different“ 3230. 
Eye Glaſles according to difterent Circumſtances. 

Objects appear inverted in this Teleſcope ; but they are made to 3360. 
be crect by adding two Eye Glaſies *. k * 3199. 

This is called the Nerronian Teleſcope, from the Inventor of it; 3301. 
it was propoſed near ſeventy Years ago, but it was happily brought 
to Practice in England by Mr. John Hadley, and carried to Per- 
tection about twenty Years ago. Fe 

Mr. James Gregory had before invented another catoptric 'Te- 3362. 
leſcope, ſuch as are now commonly uſed : and theſe were brought 
to Perfection a little after the Newtonan ones. 

The Newtoman Teleſcope is more ſimple and more perfect, and 4363. 
much to be prefer d to the other for celeſtial Obſervations ; the 
Gregorian Teleicope is molt convenient for ſeeing terreſtrial Objects. 

This conſiſts of a great concave Mirror, ſuch as is uſed in the New- 3364. 
toman Teleſcope; of a leſs concave Speculum and of one, or as 
they are now conſtructed, two Eye Glaſſes. This is the Diſpoſition 
of the Parts. 

AA is the larger Speculum ; this is perforated in the middle, and 3365. 
Q the Center of the Mirror is alſo the Center of the Hole n n; Plate 108. 
the Axis of the Teleſcope, which paſſes through the Center of the Fig. 2. 
Sphere, and the Center of the Mirror, is CI. The ſmaller Mir- 
ror B B, upon which the Rays fall that are reflected from the greater 
Mirror, is ſo placed, that it's Axis s c, which paſſes through c the 
Center of the Sphere, and 5 the Center of the Mirror, may coincide 
with the Axis of the Teleſcope CI. The firſt Eye Glaſs V V 1s 
plac'd behind the Hole in the larger Mirror; the ſecond is plac'd at 
OO, and they have their Axes in the ſaid Axis CI. 

Let CQ and Cm be Rays proceeding from two Points of a 3366. 
diſtant Object, and mutually interſecting one another in the Center 
C in theſe Lines, although. the Rays be intercepted, the Images of 
the Point are at E and F, as has been explained in the Newto9man 
Telefcope *, and EF repreſents the Image of the diſtant Object. * 37 

This Image may be conſidered as an Object which, ſetting alide 3 
tne Lenſe VV, would have it's Image / e by the Reflexion of the 
Mirror BB * ; which ſecond Image may be remov'd to any Diſtance * 3311, 
from EF; for this depends upon the Poſition of the ſmall Mirror, 
which is to be fo plac'd that EF may be between c and p, but 
this is the middle Point between c and s *, but by diminiſhing pF 3310. 
te is remov'd, 

This 
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Every Point of the Image E F would be made by Rays pro- 
ceeding from all the Points of the Mirror A A, if none of the In- 
cident Rays were intercepted by B B, or paſſed through the Hole 
AA; then among the Rays, that make a Point as E, there would 
be one as 7c Ez, which would paſs through the Centes c of the 
Sphere of the ſmaller Mirror ; and this being reflected, would re- 
turn into itſelf, and tend to the Point e of the ſecond Image ; for 
all the Rays proceeding from E, and reflected from the ſinaller 
Mirror, pals along e, and drawing Lines from all the Points of the 
Image e % through the Center c, theſe will paſs through the cor- 
reſpondent Points of the Image e. 

Now let us ſuppoſe the Eye Glaſs V V to be placed near the 
Hole of the greater Mirror in ſuch manner that it may intercept 
all the Rays paſſing through it. The ſaid Rays, that paſs through 
c, fall upon the Glaſs diverging, and go out converging, tending 
towards I *. But the Rays that tend towards the Point as e con- 
verge more , and meet at the Point e, which is at a leſs Diſtance; 
and thus a third Image ef is made, through all the Points of 
which the Rays tend to I. | 

This laſt Image appears magnified through the Lenſe O O, and 
this is the Uſe of this Teleſcope. But the Rays that tend towards 


. I, and are converging, converge more, and meet at D*; and 


this is the Place of the Eye; for unleſs this be placed there, all 
the Rays, paſſing through the Eye Glaſs OO, will not be able to 
penetrate into the Eye, and the Field would be leſs, as has been 


often ſeen *. 


The Plate is faſten'd at D, in whoſe Center there is a ſmall 
Hole. This excludes all extraneous and troubleſome Light; which, 
when the Hole Increaſes a little, enters into the Eye. 

When one Eye Glaſs only is made uſe of, the Image, e, /, is 
plac'd at a ſmall Diſtance from the Hole 7 mz , and a Spectator 
beholds this through the Eye Glaſs. 

The Amplification, that is the Increaſe of the apparent Magni- 
tude, is determined in this Teleſcope as in the others ; for this Mag- 
nitude to the naked Eye, is to that ſeen through the Teleſcope as 
the Angle ECF to the Angle x Dd *, the Compariſon of which 
is more intricate than in the Examples which we have hitherto 


had. 


3374. 


But the apparent Magnitude through the Teleſcope is to that 
with the naked Eye, in this Caſe, as we demonſtrate in the third 
Scholium following, in a Ratio compounded of theſe three Row 
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of FQ to Fc of cy to yr (y is the Focus of parallel Rays of 
the Glaſs VV) and laſtly of FI to Fd; we ſuppoſe / to be in 
the Focus of the Glaſs OO, from which this Image is hardly re- 
moved, except there be a fault in the Eye of the Spectator. The 
Antecedents and Conſequents being multiplied, there is produced 
the Ratio which we ſeek. 

We diſcover by Trial what is required to make the Teleſcope 
as perfect as poſſible, as has been ſeen of other Teleſcopes * ; and 
we afterwards determine by Computation, how another equally per- 
fect, that is, which repreſents Objects equally clear, and equally 
diſtinct, may be conſtructed ; but the Trials made with the New- 
tonian Teleſcope “ are of uſe here alſo. 

But as the Teleſcope, ſpoken of here, conſiſts of many Parts, 
this may be alter'd many Ways, keeping the abovementioned Per- 


fection. 


nian, or Gregorian one, with one or two Eye Glaſſes, that another 
equally perfect is to be made, whether Neutonian, a Speculum 
being given, or Gregorian, two Speculums being given, and the 
Lenſe VV, if two are to be made uſe of; theſe Parts being 
join'd at Pleaſure, yet in ſuch manner that the Image ef, if VV 
be wanting, or ef if V V be preſent, be plac'd in ſuch manner, 

that the Lenſe OO may be conveniently fitted to the Teleſcope. 
The Aperture of the greater Speculum is ſought, and the Convexity 
of the Glaſs OO. 

We don't want a new Rule to determine the Aperture from that, 
which we gave for the Newtormzan Teleſcope *, it follows, that he 
Diameters of the Apertures in diffirent Teleſcopes, are to one another 
as are the Cubes of the biquadratic Roots of the Lenghts. The ſame 
Rule obtains in theſe, if we take the Diſtance F Q for the Length, 
as in the Newtonian Teleſcope. But before we determine the Con- 
vexity of the laſt Eye Glaſs, we muſt determine the Ratio, which 
is between the Image which we ſhould obſerve through this laſt 
Lenſe OO, and the firſt Image EF. If the Lenſe V V be wanting, 
this Ratio is (as will be ſeen in the third Scholium) that which 1s 
given between ps and Fp. | 

If two Glaſſes are to be made uſe of, and V V be given, we have 
J; for pF, pc, pf, are proportional, as follows from the Proportion 


We now ſuppoſe, a Teleſcope being given, whether a Newto- 
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abovemention d * we diſcover I, becauſe cy, cr, cl, are alſo in“ 3310. 
continued Proportion +. We alſo diſcover f, for fy, Fr, ff, are + 3035. 
allo Proportionals T. Theſe being given, the Ratio ſought, which 3035. 
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is between ef and EF, is as we ſhall fee in the third Scholium, 
made up of the Ratios now known, of IF to yr and cr to c, 
the Antecedents and Conſequents of which ſhould be multiplied. 

But the Ratio between the Diarneters of the laſt Image and the 
firſt being given, by dividing the Antecedent by the Conſequent, 
we have the Exponent of tize Ratio of the firſt Amplification, for 
ſo we ſhall call it, to diſtinguiſli it from the Amplification, which 
the Teleicope itſelf produces. 

This Exponent being multiplied by the Square Root of the Length 
of the Teicicope, the Product is in the Ratio of the Diſtance d /, 
that is of that, at which the Glaſs OO collects parallel Rays, 
which alto we expreſs in this manner. That in different Teleſcopes, 
the laſt Eye Glaſſes muſt be ſo conſtructed, that the Products of the 
Exponents of the firſt Amplifications by the biquadratic Roots of the 
Lengths, may be to one another as the Diſtances of the Focuſſes of the 

ſaid Lenſes; which Rule is demonſtrated in the fourth Scholium. 

With regard to theſe Computations the Newtonian Teleſcope 
differs from the Gregorian in this only; in the firſt a Spectator ſees 
the Image equal to E F through the Eye Glaſs, in the fecond he 
obſcrves the Image e f. 

If the Images ef and E F in the Gregorian Teleſcope be equal, 
ſetting aſide the Diminution of Light from the Reflexion and Re- 
fraction, theſe Images will alſo be equally lucid ; fo that it matters 
not which we behold; and te Newtonian Teleſcope is compared 
721th the Gregorian, , in/tead of the Newtonian ve concerve 4 Gre- 
gorian Teleſcope in which the faid Images are equal, that is, i which 
the Exponent of the firſt Amplification is Unity. 

Therefore it is not neceſſary, as has been ſhewn above *, when 
the Aperture and Convexity of the Eye Glais for the Newtonzan 
Teleſcope are determin'd by Experiments &, to make new Trials, 
in order to conſtruct a Gregorian Teleſcope equally perfect: The 
Computation may be made with thoſe Things given which were 
mention'd in N. 3377. | 

When two Teleſcopes, the one Newtonzan, the other Gregorian, 
are of equal Lengths, that is, when the greater Speculums are equal- 
ly concave, unleſs the Apertures of the Speculums be equal, they 
will not be equally perfect &; and if they be equally perfect, Ob- 
jects will appear equally magnified, howſoever the Figure and Po- 
ſition of the ſmaller Speculum, and inner Glaſs be varied in the C- 
gerian one, for the Rule, mention'd above, in a peculiar Caſe *, 1 
univerſal, which takes Place in the Com pariſon of any Teleſcopes what- 

4 ever , 
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ever whether of the ſame or of a different Kind, that the Amplifica- 
tions of Objects are as the Apertures when the Clearneſs is the ſame. 
For the Clearneſs depends upon the Light, with which the 
Picture of an Object in the Eye is illuminated; if the Light be alter'd, 
the Clearneſs will remain the ſame in this Caſe only, if the Picture 
be alter'd in the fame manner; for Example, if it be doubled, 
when the Light 1s doubled, &c. that is, the Picture and Light 
ought to be in the ſame Ratio; but the Light is as the Aperture *, 
therefore the Picture is in the ſame Ratio alſo. 

In the laſt Scholium of this Chapter, I ſhall demonſtrate the 
Rules concerning the Compariſon of the Gregorian Teleſcopes ; and 
I ſhall alſo ſpeak of comparing dioptric Teleſcopes with catoptric 
ones; concerning which Compariſon I ſhall only give one Rule 
here, which will have for it's Foundation this, viz. that the Te- 
leſcopes mention'd in N. 3228, and 33 56, are equally perfect. 

The Length of any dioptric Teleſcope equally perfect with that 
mention'd in N. 3228, being given, we want to know the Length 
of a catoptric Teleſcope, which, if it be as perfect as the other, 
repreſents Objects amplified equally with the Teleſcope propoſed. 
The Rule is this. 

The Square of the given Length is divided by 555, and the Cube 
Root of the Quotient expreſſes the Length ſought. | 

If the Length of the catoptric Teleſcope were given, and that 
of the dioptric one ſought, the Cube of the given Length ſhould 
be multiplied by 555, and the Square Root of the Product would 
give the Length. 

But this Number 5 was determin'd for Lengths, expreſſed in 
Rhinland Feet, therefore a Length of ſix Inches ſhould be expreſſed 
no otherwiſe than by +, or O, 5. 


SCHOLIUM I. 
Of the ſpreading of Rays from the Reflexion of a concave Speculum. 


T ET there be a concave Speculum MILL; C the Center of the Sphere 
DCA a direct Ray; à the Focus of Rays parallel to it, dividing 

CA into two equal Parts *; let there be other parallel Rays alſo at a 
greater Diſtance, and the laſt of theſe BM, which is reflected along M Hz. 
When the Rays are at a ſmall Diſtance, from A, being reflected they 
meet at a; but this laſt cuts CA in H; and if the parallel Rays take 
up a Space on the Surface of the Mirror, whoſe Semi-Diameter 1s A M, 
that is, if this be the Semi-Diameter of the Aperture; all theſe being re- 
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flected paſs through the ſmall Space whoſe Semi-Diameter is ai; many 
Rays indeed mutually interſect one another every where between H and 
a ; but they are collected no where in ſo great Plenty as at a: And there- 
fore the Diſperſion is to be referr'd to this Point at a, and there meaſur'd. 

This ſmall Line az, if Ha remains, is as the Angle a Hi or MHA, 
if the Angle be not alter'd, the ſame ſmall Line 41, is as H a; there- 
fore, as theſe two are continually chang'd, when M recedes or approaches, 
ai is in a Ratio compounded of the two. 

MHC is an Iſoſceles Triangle“; therefore the Angle MHA is 
double the Angle MCA; and therefore MH A is in the Ratio of 
the Arch A M. 

With the Center C, through the Point à decribe a Circle, which cuts 
the Line CM in I; in which Point if there be a Perpendicular to CM, 
it will touch the Circle at I * ; and * through H, by reaſon that H C, 
H M are equal. Let D be the End of the Diameter of the ſame Circle, 
and the Square of the Line H will be equal to the Rectangle made of 
HD multiplied into Ha *. But as we only ſpeak of the Caſes in which 
Ha is ſmall, HD is taken as conſtant; and the ſaid Rectangle is in 
the Proportion of Ha “*; in the Ratio of which therefore is the Square 
of the Line HI. But HI to Senſe agrees with the Arch 4 J, which 
is in the Ratio of AM; therefore H 4 is in the duplicate Ratio of the 
Arch AM; if with theſe be join'd the Ratio of the ſame Arch, which 
is the Ratio of the Angle AHM *, we have the triplicate Ratio of 
AM, in which Ratio is 41 FT. 

Therefore the Diameter of the Diſperſion, is as the Cube of the Diameter 
of the Aperlure, in the ſame Mirror. 

Let us now ſuppoſe, the Mirrors to be different, but the Apertures 
equal. Let m be a Mirror; c the Center of the Sphere; ca a direct 
Ray; F the Focus of parallel Rays; a the Semi Diameter of the Aper- 
ture, equal to AM. The laſt Ray #m is reflected along m rp, and 
the Semi-Diameter of the Aberration is p f, which we muſt compare 
with a7z. 

Let us ſuppoſe an to be to am, as af is to Aa; and let the incident 
Ray at z be reflected along » ho ; ſo that f o may be the Semi-Diame- 
ter of the Diſperſion, when 2 is the Semi-Diameter of the Aperture. 

From the Conſtruction it follows that the Figures A Hai H M and 
42 hfo b m are ſimilar; 

And therefore az, fo : : A, af. 
We allo have fo. F9 : : 83%, amif*®::caofi. Af 

But az is to fp in a Ratio compounded of the Ratios of a7 to f ' 
and fo to fp; that is of the Ratio's of A à to af and af? to A4, 

[ ] | 


or 


to - . 

Aa* af* 
Therefore, when the Aperture is determind, the Semi-Diameter of ile 
Diſperſion, which is as the whole Diameter, is in the inverſe duplicate Re 
of the Diſtance of the Focus of parallel Rays, or the Length of the Teleſcope, 
it this be conſider'd. We 
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We have now a general Rule concerning the Diſperſion; that the Dia- 3401. 
meter of the Spot, which the diſperſed Rays make, is in the direct triplicate 
Ratio of the Aperture of the Mirror *, and the inverſe duplicate Ratio of * 3 398. 
the Diſtance of the Focus of parallel Rays . ＋ 3400: 


SCHOLIU-M I. 
Of comparing together the Newtonian Teleſcopes. 


Atoptrié Teleſcopes are compar'd together, as has been ſaid of 3402. 
dioptric ones; thoſe are equally perfect, which repreſent Objects 
equally diſtinct, and equally clear *. The Clearneſs in theſe, as in the“ 3225. 
others, is directly as the Aperture, and inverſly as the Picture of the 
Object in the Eye . But the Diameter of this Picture is in the direct F 3231. 
Ratio of the Diameter of the Image in the Teleſcope, which is as it's 
Length, and the inverſe Ratio of the Diſtance of the Focus of the Eye 
Glaſs; for all theſe Things agree to this Teleſcope in the ſame Manner as 
to thoſe, which are made of Glaſſes *. 94224; 
Let @ be the Diameter of the Aperture; / the Length of the Teleſcope; 3403. 
F the Diſtance of the Focus of the Eye Glaſs; the Clearncis of the Te- 


leſcope will be as the Square of this Fraction = 1 v 3231, 


This Fraction is not alter'd, by altering the Length of the Teleſcope 3404. 
at Pleaſure, if the Rule of N. 3357 be obſerv'd. According to which 
ais as ff, af asf*; | allo is as f*; therefore the Numerator and 
Denominator of the Fraction are alter'd in the ſame Ratio; and this, 
which is in the ſubduplicate ratio of the Clearneſs, is not alter'd. 

The Diſtinction is the ſame, when the Spot in the Bottom of the Eye, 340g. 
which repreſents a Point, has the ſame Magnitude “; but this Spot in the“ 32 32. 
Eye is the Picture of another Spot, which the Rays, that proceed from 
a Point of the Object, make in the Image of it. 

3 


The Diameter of this laſt Spot is as —— *. But the Picture of this“ 3401. 


Diameter, is as AD directly, and inverſly as the Diſtance of the Fo- 
cus of the Eye Glaſs T. Therefore the Diameter of the Spot in the f 3231. 
3 


Eye is as . Now if, according to the Rule ||, @ be as f*, and / || 3351. 


as /, the Numerator and Denominator of the Fraction are both in the 
Ratio of 79; that is, they are increaſed, and diminiſh'd in the ſame 
Ratio, and the Fraction is not alter d, and the whole Picture in the Eye 
is equally diſtinct. 
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SCHOLIUM m. 
Of determining the Ampliſications in the Gregorian Teleſcopes. 


E ſaid that the apparent Magnitude to the naked Eye is to that 

through the Gregorian Teleſcope, as the Angle ECF, is to the 
xD 4 *; but this Ratio is compounded of the Ratios of the Angle ECF 
to Ec F or tcr; or ter to tIr; and laſtly of Ir, which is x14, to 
„Dad. The firſt Ratio is that which is between Fc and FC, or FQ; 
the ſecond is between Ir and cr, but cy, cr, I, are proportional“; 
and by Inverſ. and Diviſ. cr —cy=yr, cy: : c- e lx, cr, 
therefore the ſecond of the ſaid three Ratios is that, which is between yr 
and cy; the third is that between D 4 and Id; but I/, Id, ID are 
Proportionals “; by Converſ. and Inverſ. If — I4 fd, FI: : I4 — 
IDS Da, Id, and the third Ratio is that between f 4 and FT; but theſe 
Ratios are the ſame, as thoſe mention'd in N. 3374. 

What has been ſaid in N. 3379 and 3380 about determining the firſt 
Amplification, that is, about comparing the different Images of Objects, 
ſhall be now examin'd alſo. | 

Let us ſuppoſe one Eye Glaſs only, to be made uſe of, and we muſt 
demonſtrate that, which is deliver'd in N. 3379, namely, that ps is to 
Fp as ef is to EF, that is, as fc is to cF. 

We have fs, F:: P35 =P, Fo *. 
By Diviſion fs —5F =fF, F:: pc Fp = F, Fp. 
By Altern. and Diviſ. FF —cF Fc, F:: F —Fp = P, Fp. Q. D. E. 

What has been ſaid in N. 3380, concerning the firſt Amplification with 
two Eye Glaſſes, ſcarce needs to be demonſtrated; namely that e is to 
E F in a Ratio compounded of If to Ir ard cr to F; for ef is to 
EF in a Ratio compounded of ef to rt and r to F; but the firſt 
is that which is between IF and Ir, by reaſon of the hmilar Triangles 771, 
Fel. But the ſecond Ratio of 7? to EF, by reaton of the ſimilat 
Triangles ctr, F E, is that, which is between c and c F. 


SCHOOL TDM TV. 


Of comparing the Gregorian Teleſcopes with one another, and with the 
Newtonian Teleſcopes ; as alſo of comparing catoptric and dioptric 
Teleſcopes. 


IAT was delivered in the ſecond Scholium, is of Uſe here allo; 
therefore we again ſuppoſe à to expreſs the Diameter of the Aper- 
ture of the Teleſcope ; / the Length; and / the Diſtance of the Focus of 


the laſt Eye Glats, that is, of that next the Eye. | 
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Let us moreover ſuppoſe, any Line in the laſt Image, which a Specta- 
tor beholds immediately, through the Glaſs next to the Eye, to be to the 
ſame Line in the firſt, which is made by the greater Speculum, as * to 1; 
ſo that 1 may be the Exponent of the firſt Amplification *. The Te-“ 3381. 
leſcope being now given, another, of any Length, is propoſed to be 
conſtructed in ſuch manner, that Objects may appear equally diſtin& and 
clear. | 
As the Length of the Teleſcope is given, the greater Speculum is 3411. 
given, whoſe Aperture is to be determin'd ; the Convexity of the laſt 
Eye Glaſs muſt be determin'd, and theſe two things are ſufficient ; for 
there are only two Conditions of the Problem, that the Clearneſs and 
Diſtinctneſs may be preſerv'd ; wherefore the ſmaller Speculum may be 
varied at Pleaſure, and the firſt Eye Glaſs, when two are uſed ; theſe two 
may alſo be plac'd at Pleaſure, but Care muſt be taken that the Caſe be 
not impoſſible or inconvenient *. * 3377. 
The Clearneſs of the Teleſcope is directly as the Aperture, and inverſly 3412. 
as the Picture in the Eye; the Diameter of the Picture is directly as the * 3231. 
Image, and inverſly as f*, the Diameter of the firſt Image is as 1, but + 3214. 
we ſpeak of the ſecond, whoſe Diameter is as 11; therefore the Diame- || 3410, 


1 
ter of the Picture is as — and the Clearneſs in the duplicate Ratio of 


* 


this Fraction * . 1 3403. 


The Diſtinctneſs of every one of the Points is had by conſidering the 3413. 
Spot, which repreſents a Point of the Object in the Image, the Diameter 


of which Spot is as 5 *, this in the laſt Image is as * , and the Picture * 3401. 

of it in the Eye as 755 +. T 3403. 
It therefore 8 and Diſtinctneſs of Teleſcopes be the ſame, 

theſe Fractions LA and 77 are alſo conſtant for all Teleſcopes equally 


perfect. Therefore we may put each Fraction equal to a conſtant Quan- 
tity, which we denote by Unity ; but theſe are not therefore equal to 
one another; becauſe we do not ſpeak of the ſame Unity for both 
FraC ions. 
We have now two Equations, which we change into theſe af = #/ and 3414, 


7 h Sl; either gives the Value of F; which being compar'd we have 
7 4 


7 5 bo 
obſery*d, that this Kule agreed with that which was given for the New- 
{01121 Teleſcope; wherefore in al catoptric Teleſcopes, the Aperture 13 de- 2415: 
#ermm'd in the ſame Manner, which depends upon the Length alone. 


„ that is, J 4, as has been ſaid in N. 3378, where we 


W hence 
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3416, Whence we deduce, that the Amplification of an Object ſeen through a 

Telſcope, depends alſo upon the Length alene , for this remaining the ſame 
* 2288, th: Aperture remains, which is in the Ratio of the Amplification *. 

3417. Therefore in all e of the ſame Length, equally perfect, Ob- 
jects appear of the ſame Magnitude, whether they be Newtonian, or Gre- 
gorian Teleſcopes, or if inſtead of a ſmall concave Speculum, they have 
a convex one; ſuch as Caſſegrain propoſed ; who, although he propoſed 
his Teleſcope, which differ'd little from the Gregorian Teleſcope, a lon 
Time after the Deſcription of the Gregorian Teleſcope was made publick, 
call'd himſelf the Inventor, becauſe, as it ſeems, he had not ſeen Gregorys 
Book. | 


3418. Now to diſcover , we muſt have Recourſe to the Equation af n 
3414. inſtead of al ſubſtitute the Value 13 and there is given FI = 1, or 


+ 3382. 17, as has been ſhewn above Þ. 
3419. We have ſeen that » in the Gregorian Tel:ſcopo may be changed at 
* 3377. Pleaſure *; then all Things remaining the ſame F only muſt be changed 
in the ſame Ratio; for / remaining, F is changed as u, in the laſt Equa- 
+ 3385. tion in the Newtonrtan 5 n»=1TF; and, if this be compar'd 
with the equal Gregorian Teleſcope, the Diſtances of the Foci of the 
Eye Glaſſes will be to one another, as 1 to n; and thus any catoptric 
Teleſcopes are compar'd together. 
3420. But if dioptric Teleſcopes are to be compar'd with catoptric ones, two 
Determinations by Experiments are requir' d. For the Diſperſion of the 
Rays, _ which the Diſtinctneſs of the Objects ag on is not ſubject 
3421. to the ſame Laws in theſe different Teleſcopes : In catoptric Teleſcopes, 
wa the Light in the Spot, which is the Repreſentation of the Point, is ſuddenly 
weaken'd, as you recede from the Center, but not in others in the ſame man- 
ner. Therefore we ſuppoſe the Teleſcopes mention'd in N. 3328, 3356, 
to be equally perfect. And the Compariſon will be founded upon the 
* 23388, Rule deliver'd above“, by which it appears, that Teleſcopes of any 
kind, if they be equally perfect, amplity Objects equally, when the 
+ 3389. Apertures are equal ; the Demonſtration of which is univerſal 1 
3422. Let A be the Aperture, and L the Length of the dioptric Teleſcope 
given; @ the Aperture, / the Length of the catoptric Teleſcope given; 
x and 2 the Lengths of two other Teleſcopes, of which the firſt is a 
dioptric, the other a catoptric Teleſcope, which are equally perfect with 
thoſe given, and agree among themſelves as far as relates to the Amplifi- 
cation, that is, have equal Apertures. 
Then L, :: A * 
3229. 3231. ture of the Teleſcope x *. 


= the Square of the Diameter of the Aper- 


1423 
And 1, 21 : : at, — 5 = the Biquadrate of the Diameter of the 


T 3378-3414. Aperture of the Teleſcope 2 . 
1 Theſe 
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47 423 
Theſe Apertures are equal, therefore 5 L I 7 . 
4 a4 


4. 
The Quantities 7 and Ir are conſtant *, whatſoever the Teleſcopes 


given be. Let us ſuppoſe theſe to be as 1 to , and we ſhall have * = 
mz? ; now according to N. 3228 and 3256, let A=3; L= 30; a=5; 
it will be m = 555, whence appears what was mention'd above. 

We ought to take Notice here, that the Rule of N. 3383 does not: 3423. 
very accurately agree with the Teleſcopes of N. 3328 and 3356, unleſs 
we increaſe the Diſtance of the Focus of the Eye Glaſs in the Hugenian 
Teleſcope , of an Inch. Hugens determin'd the Diſtance of the Focus 
three Inches and three tenths (for there is an Error in N. 3228.) we 
ought to put three Inches and a third ; then in theſe Teleſcopes the linear 
Amplifications are 108 and 180, accurately to one another as 3 to 5, that 
is, as the Diameters of the Apertures. 

We have already obſerv'd that many Things muſt be alter'd in Te- 
leſcopes according to Circumſtances “; among other Things we ſaid, 
that Glaſſes are not equally perfect; which mult alſo be referr'd to Spe- 
culums ; which, as well as Glaſſes, are not always made of equally fit 
Matter; all theſe Things we ſet aſide, as has been ſaid before. 


C HAP. XVIII. 
Of the Magic Lantern. 


HERE are ſeveral other Machines conſtructed, in which, 3424. 
by Speculums and Lenſes joined, uſeful and pleaſant Specta- 

cles are repreſented; the Explanation of which is eafily deduc'd 

from what is ſaid before, 

I ſhall make choice of one only, among others, to be explain'd, 
whereby Figures, painted on a ſmall Glaſs, are repreſented very 
large upon a white Plane. The Phznomenon is ſtrange enough, 
to deſerve a particular Explanation. The Machine is called a 
Magic Lantern, whereby it is repreſented ; not indeed paſſed over 
by optical Writers, yet not ſufficiently treated of. 

There is a Wooden Box, about a Foot and an half long, whoſe 3425. 
Breadth and Height is fourteen Inches; in this there is a concave Plate 09. 
Speculum 8, of eight Inches Diameter, the Diameter of whole Fig. 1. 
Sphere is a Foot and an half: This Speculum is applied to a Stand, 
which moves between Rulers along the Box. 

There is alſo in this a Lamp L, which is ſupported by a Wooden 3426. 
Stand, movable between Rulers at the Side of the Box, — = 

e 
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The Tube of the Lamp is prominent in ſuch manner, that the 
Center of the Flame anſwers to the Center of the Surface of the 
Speculum; this Flame conſiſts of four Flames, which mutual! 
touching one another make a ſquare Flame, whoſe Side exceed; 
two Inches. 

There is an oblong Aperture in the upper Plane of the Box, which 
is cloſed with a Cover, moveable between Rulers ; through this 
paſſes C, which (as appears in Fig. 3.) ſtands out above the Box 
about a Foot and an half high. This is moveable with it's Top; 
the aforeſaid Aperture remaining ſhut ; which is plac'd fo that it 
may anſwer to the Lamp. 

In the ſmaller Side of the Box there is a round Hole, of the 
Diameter of five Inches; in which there is a convex Glaſs V of the 
ſame Diameter: This is terminated on both Sides by a convex Sur- 
face, a Portion of a Sphere, whoſe Diameter is equal to one Foot : 
If an Axis of this Glaſs be conceived, it will be perpendicular to 
the Surface of the Speculum in the Center of it, as alſo to the Plane 


of the Flame through whoſe middle Point it paſſes. 


This Hole 1s ſhut and open'd by means of a Board moveable be- 
tween Rulers, which is mov'd by a Cylinder, ſtanding out of the 
Box at E. 

The Tube T anſwers to this Hole without the Box, whoſe Length 
and Diameter are about fix Inches, in whoſe Extremity there is a 
Ring, in which a ſecond Tube ? moves, of the Diameter of about 
four Inches, and Length of five or ſix Inches, 

In this ſmaller Tube there are two Lenſes; the firſt at the Ex- 
tremity which is thruſt into the Tube T, and which is of the ſame 
Convexity with the Glaſs V, and of the Diameter of three Inches 
and an halt; the ſecond Lenſe, which is three Inches diſtant from 
the firſt, is more plane and terminated by Portions of a Sphere of 
the Diameter of four Feet. Between theſe Glaſſes, at the Diſtance 
of an Inch from the ſecond, there is a Wooden Ring, with which 
the Tube 1s cloſed, a circular Aperture being left, of the Diameter 
of an Inch and a quarter. 

The Objects to be repreſented are painted upon plane and thin 
Glaſs, which is moved without the Box near the Glaſs V, between 
this and the Tube T, the Picture being in an inverted Poſition. It 
theſe Glaſſes be round, they have the Diameter of five Inches; 


that they may be conveniently mov'd, they are faſten'd in a Frame 


of Wood, and three may be pnt into the ſame Frame. The 
Figures are alſo painted upon long Glaſſes, which are alfo put into 
1 Wooden 
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wooden Frames, and the Figures are repreſented ſucceſſively. 

Theſe Frames move between the Rulers RP, RP, which are Plate 110. 

join'd to the ſquare Board M, to which is faſten d the Tube T. Fig. 1. 
This whole Box is ſupported by a Stand, whereby it is fix'd at 3431. 

any Height, within certain Limits; the Planes , 1, are join'd to Plate 109. 

the Box, and are mov'd between Rulers along the Planes u, n, Fig. 3. 

which make the Stand; in each of them there is a Slit; the Box 

is placed at the Height required, by Means of Screws fixed in the 

Stand, as c, and which move along the Slits. 


EXPERIMENT 1. 


The whole Machine is plac'd at the Diſtance of fifteen, or twenty, 3432. 
or thirty Feet from a white Plane, which is different according to 
the Magnitude of this Plane; for this Diſtance ſhould exceed the 
Length of the Plane but a little. The Box is faſten'd at ſuch an 
Height, that the Glaſſes, in the Side of the Box, may anſwer to 
the middle of the Plane. The Lamp being lighted the Box is 
ſhut, and the Figures, painted upon the Glaſs, are repreſented up- 
on the white Plane. By moving the Tube, in which the two 
Lenſes are, we diſcover the Poſition of it requir'd to make the Re- 
preſentation diſtinct. : 
But the Diſpoſition of the Parts of this Machine, which are of 
uſe in exhibiting this Spectacle, muſt be more particularly explain'd. 
The Parts are theſe, SS the Mirror; // the Flame; this conſiſts 3433. Il 
of four Flames in the Line J; VV is the Glaſs repreſented by V, Pl. 109. l 
Fig. 1; OO is the Picture in the ſmall Glaſs Plane; a @ the large Fig. 2. il 
Lenſe; dd a planer Lenſe; 55 the wooden Ring between the 1 
Lenſe; F the Aperture of the Ring, that is, the Hole in the mid- Il 
dle of it. i 
All theſe Things being plac'd, as has been already explain'd, and 3434. 1! 
as is ſeen in this Figure ; the Rays, which proceed from the Point 
of the Picture OO in paſſing through the Lenſe à a, diverge leſs, l 
and come to the Lenſe d d *, as if they proceeded from a more - 3011. Ml 
remote Point, out of which they go converging +, and are collected 4 291 j. 
upon the Surface of the white Plane, and make a Picture of that 
Point of the Figure in the Glaſs r; the Figure in the Glaſs is en- + 3058. 
lighten'd both by Rays proceeding from the Flame J% and by Rays 
reflected from the Mirror 8 S. | 
In order to make this Machine perfect it is requiſite, 1. That 4435. 
the Figure O O be enlighten'd as much as poſſible. 2. That it be 
enlighten'd equally in all it's Parts, 3. That all the Light by which 
You. II. "SM all 
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all the Points of the Figure are enlighten'd, paſs through the 
Lenſes aa, dd, to the white Plane, and ſerve to exhibit the Re- 
preſentation. 4. Laſtly, that only this Light may go out of the 
Box, that the Repreſentation may not be leſs vivid by Means of 
the extraneous Light. | | 
The firſt Thing requir'd depends upon the Magnitude of the 
Flame and the Speculum, as alſo the Concavity of it ; the more 


the Speculum is hollow'd, the nearer O muſt it be mov'd to the 


Flame, and the Rays are intercepted in a greater Number, and 
reflected ; but Care muſt be taken, that the Speculum does not grow 
too hot, which 1s beſt made of Glaſs. 

But the Flame and Speculum being given, that the Picture may 
be enlighten'd as much as poſſible, and every where equally, the 
Flame and Speculum are fo order'd, that the inverted Repreſen- 
tation of the Flame * may fall upon the Picture itſelf : But as the 
Repreſentation of the Flame may be increas'd and diminiſh'd +, 
the Speculum and Flame are to be ſo plac'd, that the Repreſentation 
of the Flame may cover the whole Picture on the Glaſs, and not 
exceed it. For then the Picture is illuminated as much as poſſible 
by the reflected Light, and all it's Pictures are equally illuminated; 
the Light alſo falls directly upon all the Points of the Picture; 
which is ſenſibly equal; the Flame being brought near, this Light 
would indeed be increaſed, but the reflected Light would be di- 
miniſhed ; and this would be diminiſhed more than that would be 
increaſed, | 

The Uſe of the Glaſs VV is to bend the Light with which 
the Picture O O is enlighten'd, before that comes to it, becauſe 
by the Inflection all the Light comes to the Lenſe, à a, and is of 
uſe towards the Repreſentation upon the white Plane. | 

All the Light, which is of Service to this Repreſentation, paſſes 
through the Hole 7; and the Rays proceeding from different Points 
mutually interſe& one another; wherefore the Picture which is 
inverted upon the Glaſs, appears erect upon the white Plane; all 
the Rays, which are of no Uſe to make the Repreſentation, are 
intercepted by the Ring 4 5, that they may not enter into the 
Chamber and make the Picture leſs vivid. This Ring alſo inter- 
cepts the Rays, whereby one Point would be more enlighten'd than 
another, by which the Light, which is indeed equable enough, 


from what has been before ſaid, becomes ſtill more equable. Except 


the Ring 66 be exactly in the Interſection of the Rays, it does a 
great deal of Harm. = | 
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EXPERIMENT 2. 


A Spectacle like that which we had in the firſt Experiment, is 3440. 
more conveniently and more diſtinctly repreſented in the Day Time, 
if the painted Figures be enlighten'd by Rays of the Sun. 

A thick board H is applied to a Window, which ſtops a Hole 3441. 
in the Window-Shutter. At N there is an Aperture Q, which on Pl. x to. 
the outſide is cover'd with thin Paper rubb'd over with Oil. FE 1% 

To the Board N is applied M with it's Tube T in ſuch man- 
ner, that the Interſtice between the Rulers RP, RP, may anſwer 
to the Slits LI, LI (one of which only appears in the Figure) in 
the Rulers HG, HG; that the Frames together with their Fi- 
gures may be conveniently mov'd along the Aperture Q. We put 
into the Tube T what was mention'd above , and what was re- * 3429-3430. 
preſented in Fig, 3. in which the Section of the whole Machine 
through the Axis is delineated; CC is the oil'd Paper; OO the 
painted Glaſs ; the reſt is explain'd above , and mark'd with the * 3433. 
ſame Letters here. 

When the Sun's Rays fall upon the Paper, the Figures are ſtrong- 3442. 
ly illuminated, and are repreſented upon a white Plane, oppoſite 
to the Window, as in the laſt Experiment “. ® 43432. 

If the Paper be taken away, by reaſon of the Obliquity of the 
Sun's Rays, the Experiment does not anſwer well. 


H h 2 
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Book V. 
o 
PART IV. Of Opacity, and Colours. 


— _ — * * » 
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CHAP. XIX. 
Of the Opacity of Bodies. 


HERE is no Body whoſe ſmalleſt Parts are not tranſparent : 

Thoſe who often uſe Microſcopes do not in the leaſt doubt 

of this: There are ſome Parts of Metals, which, though very 
ſmall, do not tranſmit Light: Yet if they be divided in Menſtru- 
ums; that is, if they be divided into much leſſer Parts, they will 
become tranſparent. 

The leaſt Parts of all Bodies, that is, thoſe which ſeparate the 
ultimate or ſmalleſt Pores, are perfectly ſolid; of theſe we do not 
here ſpeak : But there are greater Parts formed by the Parts left by 
theſe Interſtices, which are join'd together, greater Interſtices re- 
maining, and of which perhaps the greater Parts are formed, 
which Parts again may ſerve to form greater ſtill, and ſo the Parts 
and Interſtices between them have a farther Increaſe. When we 
ſpeak of ſmall Parts, we underſtand ſuch as are exceeding little, 
whoſe Pores do not exceed a certain Bigneſs ; and by Pores we 
underſtand the greater Interſtices in the Pores of thoſe Parts which 
theſe Parts have between them. 


It is eaſily proved by an Experiment, that Light can paſs through 
moſt opaque Bodies, 


EXPERIMENT TI. 


If in a dark Room, into which the Sun's Light comes through 
a Hole, the Hole be cover'd by a thin Plate of Wood, the Light 
will paſs through it; the Hand, when applied to the Hole, does 
not intercept all the Light. But this Experiment does not prove 


that the Parts of opaque Bodies are perfectly tranſparent ; for this 
only obtains in ſmall Parts. | 


2 Opacity 
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Opacity does not ariſe, as is commonly imagined, from the Stoppage 3447. 
of the Particles of Light by Particles of Matter; for Light paſſes 
through all the ſmalleſt Parts of Bodies; nor is ſuch an Interception 
of Light of any Uſe in caufing Opacity ; for this it is required that 
the Light be reflected and deflected from a Right Line, in the Per- 
formance of which there is only required a Separation of two 
Mediums *. * 3247. 3260, 
Let us ſuppoſe a Body conſiſting of very ſmall Parts perfectly 3448. 
tranſparent, ſuch as are the Particles of which Bodies are made +, + 3438. 
ſeparated from one another by Pores ; and that thoſe Interſtices are 
either void or fill'd with a Medium differing in refracting Force 
from that of the Particles; if Light enters ſuch a Body, it will 
every Moment fall upon a Surface ſeparating Mediums of a different 
refracting Force; and therefore it will undergo innumerable Re- 
flexions and Refractions * in that Body; and it is fo diſperſed in the * 3247: ;2'o. 
Body, that it is eaſily all intercepted. Some of it often paſſes 
through, but the right lined Motion is entirely diſturb'd +. ＋ 3445. 
We ſee therefore that Opacity depends upon the Pores ; for if t 3449. 
fill the Pores with a Medium of the ſame refrafting Force as the 
Particles of the Body themſelves, the Light will undergo no Reflexion 
or Refraction in the Body, but paſs directly through; and the Body 
will be tranſparent. 


EXPERIMENT 2. 


If Paper be moiſten'd with Water, it becomes more tranſparent, 3450. 
for it fills the Pores, and differs leſs in refracting Force from the 


Particles of the Paper than Air does. Oil produces the fame 
Effect. 


EXPERIMENT 3. 


Take a Piece of Glaſs, two Inches thick; take ſeveral Plates of 3451. 
the ſame Glaſs, which being laid upon one another, are not alto- 
gether quite two Inches thick; theſe, though they are ſmooth on 
each Side, will be leſs tranſparent, than a Piece of Glaſs, whoſe 


Parts all cohere together, becauſe of the Air that is between the 
Plates, | 


EXPERIMENT. 4. 


Take three Plates of ſuch Glaſs of which Speculums are made, 3452. 
placing them upon one another, whoſe four Surfaces, which are | 
apply'd to one another, are made rough by rubbing Sand _ 

them; 
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them; the two outward Surfaces are ſmooth. Theſe Plates are 
opaque. If they be apply'd to Paper, upon which Letters are 
written, or upon which Figures are drawn, we perceive nothin 

of them. It the ſaid rough Surfaces be then anointed with Oil of 


Turpentine, and they be again applied to one another in the ſame 


manner, the Figures, which are cover'd with the Glaſſes, appear 
diſtinctly enough. But the Glaſs Plates are not perfectly tranſparent, 
the Oil of Turpentine does not exactly agree with the Glaſs in it's 
refracting Force; in the Paſſage of Light out of the Oil into the 
Glaſs the Sines of Incidence and Refraction are nearly as 60 to 59. 

But we fee plainly how Bodies become tranſparent, in the firſt 
Experiment of the ſixth Chapter of this Book *, becauſe the Oil of 
Olives has the fame refracting Force as the Borax, of which many 
Pieces may be uſed, 

What has been ſaid about Opacity is farther confirmed, and put 
out of all Doubt by innumerable Experiments, by which Bodies 


perfectly tranſparent become opaque by the Separation of their Parts, 


without the Intervention of any opaque Body. 


EXPERIMENT 5 
Let any Liquid perfectly tranſparent, which may be changed into 
Froth, be agitated till it be full of Bubbles, it will immediately be- 
come opaque, becauſe the Interſtices are fill'd with Air. 


EXPERIMENT 6. 


Turpentine and Water are tranſparent Bodies; but if they are 
mixed, they form an opaque Body. 


EXPERIMENT 7. 


Water and Oil, by being mix'd, become opaque; though when 
ſeparate they are tranſparent. 


EXPERIMENT 8. 


Glaſs, though never ſo tranſparent, when reduced to Powder, be- 
comes opaque. So likewiſe it does when it is cracked. 

In all theſe Caſes we clearly ſee that Opacity is produced, be- 
cauſe there is a Medium of a different refracting Force between 
the tranſparent Parts ; which alſo is obſerv'd in the Clouds, which 


are opaque, becauſe of the Air's Interpoſition among the Particles 
of Water, | | 


If 
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If to theſe we add, what is faid in what follows, concerning the 
Colours of thin Plates ; we ſhall have new Experiments, by which 
it is fully proved that Bodies intercept Light, becauſe they conſiſt 
of thin Particles, encompaſſed with a Medium differing from them 
in refracting Force. 

Some opaque Bodies reflect a little Light, and the Light remain- 
ing is by the innumerable Diviſions, which it undergoes in the ſaid 
Reflexions and Refractions, extinguiſhed in the Body; ſuch are 
black Bodies; if there were any Bodies perfectly black, they would 
reflect no Light at all; for all Bodies, when no Light falls upon 
them, and they reflect no Light, appear black. | 

Other opaque Bodies appear of ſeveral Colours; ſome tranſparent 
Bodies are alſo ting'd with Colours : Whence theſe ariſe we ſhall 


now examine. 


58 I 0d 5.9 
Of the different Refrangibility of the Rays of the Sun, 


and their Colours. 


ODIES appear differently colour'd, though they be en- 


lighten'd by the fame ſolar Rays, that are reflected by them: 
There are beſides ſeveral Phenomena of Light with regard to 


Colours, which muſt not be paſſed by. 

In theſe three Things are to be obſerv'd : 1. The Rays muſt be 
examined, as they flow from the Sun. 2. Their Reflexion muſt 
be obſerv'd. 3. We are to enquire into the Make of the Surfaces 
of Bodies differently colour'd. 

As to the Rays, the firſt Property to be here taken Notice of, is, 
that all Sorts of Rays do not ſuffer the ſame Refrattion under like 


C rcumſtances. 


DEFINITION I. 


The 7 which undergo ſuch a different R-fraftion, are ſaid to 
7 


have a 


wht ch are more infletted by Refraction. 


DEFINITION 2. 


Thoſe Rays are ſai d to be homogeneous which do net differ from one 


anther in Refrangibility. 
2 DEFINITION 


;fferent Refrangibility, and thoſe to be more refrangible, 
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DEFINITION 3. 

All thoſe are called heterogeneous, which are not equally inflected by 
Reſraction under the ſame Circumſtances. 

Let there be a Sun-Beam between AB and CD, made up of 
an innumerable Number of parallel Rays; all theſe do not ſuffer 
an equal Refraction; for if they fall obliquely upon the Surface 
BD of the more refracting Medium, ſome of them are refracted 
between BE and DG, and are moved according to that Direction 
in the Medium; others are more inflected, and. direct their Motion 
between BF and DH, in the Direction of thoſe Lines; nor can 
there be conceiv'd any intermediate Direction, along which ſome 
Rays do not move, in all the Points B and D: So that the leaſt 
Ray whatſoever is by Refraction, divided into innumerable other 
Rays; becauſe every Ray, as it proceeds from the Sun, though never ſq 


ſmall, is heterogeneous, and confiſts of innumerable Rays of all Degrees 


of Refrangibility. 

The parallel Rays aforeſaid, falling upon the plane Surface BD, 
are moved between BE and D H by Refraction; which Lines 
diverge more and more from each other, and, being continued, 
are more and more ſeparated ; ſo that the Rays abovemention'd are 
diſperſed by Refraction. In N. 2859 ve have confider'd the Rays as 
homogeneous, as alſo every where in the ſecond Part of this Bool; 
we have taken nctice of a different Refrangibility in one Caſe only; 
the Difference of the Refrangibility in the Sun's Rays is fo ſmall &, 
that it might have been neglected in what has been already ſaid. 
What happens to homogeneous Rays was alſo firſt to be examin'd ; 
and what Alterations are to be made in the Propoſitions, by reaſon - 
of the different Refrangibility, will eaſily appear to every Body. 

In order to make the different Refrangibility of Rays viſible, the 
Divergency aforeſaid muſt be increaſed ; which will be done, when 
the Rays abovemention'd fall upon the Surface E H, which ter- 
minates the more refracting Medium, and ſeparates it from the 
leſs refracting Medium, and which makes any Angle with the 
Surface BD, but leſs than eighty Degrees, if Glaſs be uſed ; but 


the Surface E H is fo inclin'd to BD, that the Rays, which are 


more refrangible, fall more obliquely upon it than thoſe that are 
leſs refrangible ; ſo that the former, in paſſing into the leſs refracting 
Medium, are more turned out of their Way, and diverge more from 
the others, for two Cauſes, the greater Refrangibility, and the 
greater Inclination. The leſs refrangible Rays continue. their Mo- 
tion between BE and DG, being refracted a ſecond time, they 

contmuè 
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continue their Motion between EI and GL, the others between 

FM and HN: In which Caſe if theſe Rays fall upon a Plane, at 
the Diſtance of fifteen or twenty Feet, the moſt and the leaſt re- 
frangible Rays are ſenſibly ſeparated, and the whole intermediate 
Space is enlighten'd with Rays that have a mean Refrangibility; 
which is ſhewn by Experiments made with a triangular Glaſs Priſm 
through which a Ray is tranſmitted perpendicular to the Axis, and 
whoſe Sides are repreſented by the Lines BD and EH. 

But the Experiments that are of uſe here, are to be made in a 3473. 
dark Place, the Light being let in through a narrow Hole, as in the 5 
Experiments of the third Chapter of this Book; ſometimes we 
alſo make uſe of two Holes together. We have before ſaid what 
we muſt do when the Helioſtate is made uſe of ß. We have al- * 270 . 
ſo ſhewn how to proceed, when theſe Experiments are to be made 
without it “; but I will now explain it more clearly, 

In Window-Shutters a ſquare Aperture is made whoſe Side is 3474. 
four or five Inches, which is clos'd by a Board, as T, which is Plate 1 10. 
moveable between Rulers, that it may be changed, becauſe ſeveral Fig. 5. 
are required. 

In this which is now exhibited there is a Hole whoſe Diameter 3475. 
is equal to three Quarters of an Inch; this is hollow'd behind, that 
the Object Glaſs of a Teleſcope may be put into it upon Occaſion. 

The Board T is alſo hollow'd a little before, that a thin round 

Plate of Braſs may be put into it, which is perforated, but not in 

the middle; and the Hole in this Plate anſwers to a Hole in T. 

To this Plate is joined another ſmaller concentric Plate , which 

is moveable about a Center. In this there are ſeveral unequal Holes, 

which whilſt the little Plate is turn'd round paſs into f in ſuch 

manner, that Light may be let into the Chamber through a greater 

or leſs Aperture, at Pleaſure. - | | 
When the Rays are to be let in through two Holes, we make 44-6, 
uſe of another Board; in which there is a greater circular Aperture, 
which is cloſed by a braſs Plate; this turns about in that, that the 

Poſition of two Holes, which are in this Plate, may be alter'd. 

We may alſo make uſe of this Method, we cloſe the ſquare 3477. 
Aperture in the Window-Shutters by the braſs Plate T, whole Pl. 110. 
fore-part is repreſented at ?; in which we have mark'd the Fig. 6. 
Magnitude a, 6, d, e, of the ſaid Aperture. The Shutters are made 
hollow, to receive the Plate T, which is faſten'd by Means of 
the ſmall Buttons þ, , b. In the Middle there is a Hole /, and 
at the Angles there are four others g, g, g, £, whoſe Diameters 

Vor. I. 11 are 


242 


3478. 
* 3475. 


3479. 
3249. 
3480. 


Pl. 110. 
Fig. 7. 


348 1. 


3482. 


Pl. 110. 
Fig. 7. 


3483. 


PL 1-12. 


Fig. 1. 


* 3480. 
＋ 2774. 


2775. 


3484. 


Mathematical Elements Book V. 


are three Quarters of an Inch; but which may be varied, and 
clos'd, by the Plates , n, u, n, u, which turn upon the Centers 
c n £18 | 

When the Object Glaſs of the Teleſcope, which has been 
mention'd above *, is to be made uſe of, this is retain'd between 
the Screws 2, z, 1. 

In the following Experiments we make uſe of Priſms which 
turn about their Axis, ſpoken of above *. | 

Such a Priſm AB is put upon a Stand, which is repreſented at 
S. The Priſm may be laid upon the Stand at different Heights, 
and faſten'd by Means of the Screw C. 

The Priſm may be alſo put into a vertical Poſition, then the pro- 
minent Part at B is put into the Hole &, and the Point C is put 
into the Slit a, and the Priſm may be faſten'd by the Screw. 

To this Stand is join'd the Board T going into the Groove d, c, 
and another like and oppoſite to this; the Face t of this Board is 
turn'd towards the Priſm. In this Board there are two Apertures 
D and E, which are cloſed by the Rulers d, e, which move be- 
tween other ſmaller Rulers ; thoſe Rulers are perforated at 7g; 
and the Diameters of the Holes do a little exceed the eighth Part 
of an Inch. Sometimes two and alſo three Stands are requir'd ; 
but in the others it is ſufficient, if the Priſm be fix d at one Height 


only, and indeed that which is here repreſented ; it is alſo ſufficient 
if two of the Stands have Boards. 


EXPERIMENT 1. 


A Ray is let into the Chamber and directed upwards in ſuch 
manner, that it may make an Angle of about forty Degrees with 
the Horizon, but the Diameter of the Hole through which the 
Ray paſſes does a little exceed a quarter of an Inch. The Ray is 
tranſmitted through the Priſm P, which is laid upon the Stand 8 *, 
which ſtands upon the moveable Table M +, that it may be raiſed 
to the Height requir'd. The Ray is directed perpendicularly to the 
Axis of the Priſm, which is ſo plac'd, that the Ray may paſs through 
in the ſame manner as is repreſented in Figure 4, Plate 110; that 
is, that it may be equally inclin'd to each Surface of the Priſm. 

This Ray falls perpendicularly upon the white Paper T, extended 
upon a wooden rectangular Limb, which coheres with the Stand P, 
and may be raiſed and depreſſed and fix'd at the Height required *. 
But as the Ray, in paſſing through the Priſm, is diſperſed, it makes 
an oblong Image, which that it may be diſtinctly ors, aaa 
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Paper ſhould be remoy'd to the Diſtance of ſixteen or twenty Feet [1 
from the Priſm, 4 


We determine the requir'd Poſition of the Priſm, and which 3485. 
was ſhewn above, if the Priſm be turn'd about it's Axis a little, in ſt 


ſuch manner, that the Image may aſcend, which afterward deſcends, | 
if the ſame Motion be continued ; but the Priſm muſt be fix'd, | 
when the Image comes to the greateſt Height, before it deſcends f 
again. | | 
How this oblong Image is made, is deduced from what has been [4 
exqlain'd before *, but I ſhall now explain it more diſtinctly. * 3472. — 


Let C be a Point of the Plane, parallel to the Hole, againſt 3486. . 
which a Ray ſtrikes, which paſſes from the Center of the Sun PI. 111. [ 
through the Center of the Hole, which we ſuppoſe circular. All Fig. 2. [ 
the Rays, which, proceeding from the other Points of the Surface f 
of the Sun, interſect the firſt Ray in the Center of the Hole, and [| 
run againſt the Plane, make there an Image of the Sun a, b, d, | | 
whoſe Diameter, the Plane being remov'd ten Feet from the Hole, 
would exceed one Inch, and which would be increaſed in the Ratio 
of the Increafe of the ſaid Diſtance. 

The Rays, which paſs through all the Points of the Hole, give 
a like Image; and the Centers of them all are in a ſmall Circle | 
equal to the Hole itſelf, for all the Rays proceeding from the Center 
of the Sun are taken for parallel. Therefore all the Images together 
make the Image ABD, which is weaken'd near the Limb, and 
whoſe Diameter exceeds the Diameter of the ſaid Image by a 
Quantity equal to the Diameter of the Hole. | 

If all theſe Rays were homogeneous, as they are in the laſt Ex- 3487. 
periment, equally inclin'd to the Surface of the Priſm, in the Ingreſs Pl. 111. 
and Egreſs, the Direction of all of them would be only chang'd, Fig. 5. 
and they would make a like white Image upon the Plane. But they 
are heterogeneous that paſs through the Priſm, and the moſt refrangi- 
ble ones give the Image 4 5 de, which in the Experiment is more 
depreſſed; whilſt the leaſt refrangible Rays make the Image ABDE. 

The Rays of intermediate Refrangibility give intermediate Images, 

whoſe Centers take up the whole Line C c. Theſe Images jointly 

make the oblong Image repreſented in the foregoing Experiment ; 

and except there were innumerable ſuch Images, the Image would 

not be terminated towards the Sides by Right Lines; but although 

this Image is terminated toward the Sides by Right Lines, yet the 

Terms are not diſtinct; becauſe the peculiar Images are not in the 

Form of a Circle *: But at the Extremities A and e the Light is * 4 486. 
112 weaken'd 


244 


3488. 


2706. 3475. 
3478. 


3489. 
* 43060. 


3490. 


3491. 
PL 111. 


Fig. 4. 
2759. 


3492. 


3472. 
＋ 3485. 


Mathematical Elements Book V. 


weaken'd through the whole Semi- circle, and theſe Terms of the 
Image are confus d. | 

But we eaſily have an Image diſtinctly terminated towards the 
Sides, 


EXPERIMENT 2. 


The Object Glaſs of the Teleſcope beforementioned “ is fix'd in 
the Hole, and this Experiment differs from the laſt in this Circum- 
ſtance only, For Paper, or a white Plane, being plac'd at a juſt 
Diſtance, the Image is terminated diſtinctly. 

For if, the Priſm being taken away, the Image of the Sun falls 
upon the Plane, and the Plane be remov'd from the Glaſs to a 
Diſtance at which the Glaſs collects parallel Rays proceeding from 
all Points of the Sun's Diſk, there will be given a round Image of 
the Sun, as we have ſeen of other Objects . When the Rays 
paſs through the Priſm, the Image is made oblong from innumera- 
ble Images well terminated. 

What has been ſeen concerning the different Refrangibility in 
Glaſs is in the ſame Manner obſerv'd in other Mediums, 


EXPERIMENT 3. 


The Box P is made of three Glaſs Plates, whoſe Bottom is of 
Braſs ; this is conſtructed, as has been ſeen above *; the Angles, 
which the Planes make, are of 50, 60, and 70 Degrees. 

Any Fluid is pour'd in, as Spirit of Wine, Oil of Turpentine, &c. 
and a triangular Priſm is made of the Matter pour'd into the Veſſel, 
whoſe Figure this puts on, | : 

We have Occaſion for a Ray of the Sun let into a dark Place, in 
this Experiment, as in the foregoing ones; but it's Direction muſt 
be horizontal. | : 

This is tranſmitted through the Priſm. or Box mention'd, which 
if it be empty, the Light paſſes through in a ſtrait Line, but if it 
contains a Fluid, it is bent, as has been ſeen above“. IT he Priſm 
is diſpoſed in ſuch manner, that the Light may be equally inclin'd 
to each Surface through which it paſſes ; and the Light, if it falls 
upon a vertical Plane plac'd at the Diſtance of ſixteen or twenty 
Feet from the Priſm, will give an oblong Image, as in the forego- 
ing Experiments, but horizontal, whoſe Length will be different, 
according to the different Angle, which the Surfaces make, through 
which the Light paſſes, and according to the different retracting 


Force of the Fluid, contain'd in the Priſm. 
1 f Ex P E- 
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EXPERIMENT 4. 


Let there be a Spectator at the Diſtance of ſixteen or twenty 


Feet _—_ at the Hole, through which the Light is let into the 
Chamber, that appears round ; if the Obſervation be made through 
a Priſm, in ſuch manner, that the Rays proceeding from the Hole, 
come to the Eyes, after Refractions, like thoſe which the Light 
undergoes in the mention'd Experiments, the Hole will appear oblong. 
The Poſition of the Priſm is found, if, this being put into a hori- 
zontal Poſition with the Edge uppermoſt, in ſuch manner, that the 
Hole be raiſed, it be turn'd about it's Axis a little, with which 
Motion the Image of the Hole aſcends and deſcends, and the Priſm 


x 


be kept in the Poſition, in which the Hole appears raiſed leaſt of 


all. The Priſm may alſo be put into a contrary Poſition. 

This Experiment, as well as the foregoing, proves the different 
Refrangibility of Rays; for, by homogeneous Rays of any Refran- 
gibility, the Hole 8 remov'd out of it's Place, but circular. 

The Rays, which undergo a different Refraction, enter the Eye 
in different Directions, and different Images are given, which join'd 
make an oblong Image, which is really ſeen. 

Beſides the different Refrangibility of the Rays, the foregoing 
Experiments alſo ſnew another remarkable Difference between the 
Rays. 

The different Refrangibility of the Rays is join d with a different 
Colour ; and all the Rays, as they are more or leſs bent by Refraction, 
have a Colour peculiar to themſelves. 

With Regard to Colours it muſt be obſerv'd, as has been already 
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obſerv'd * concerning other Senſations, that they are Perceptions, * 23 10. 


which have nothing common with the Rays, whereby they are 
excited; therefore we muſt give a Definition, what we underſtand 
by colour'd Rays, and colour d Objects. 


DEFINITION I. 


An Object is ſaid to be ting'd with that Colour whoſe Idea is excited 
in the Mind by Rays reflected from the Object. 


DEFINITION 2. 
Homogeneous Rays which ſtrike againſt the Retina and excite in the 
Mind an Idea of any Colour, are calld Rays of that Colour. 
We fay that Rays excite the Idea; that is, that Rays move the 
Fibres, and that when this Agitation is given, the Idea 1s preſent 
to the Mind, wr 
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| 3 500. We ſind the Colours of Rays immediately i in the oblong Image of 
J th Bun often mention d; for 2 Image 18 4 with different 
| Colours, i: - 

3 50. We Rays that 15 ha turn d 2 of the Way by Refraction, are 
Pl. 111. Fed Rays ; the reſt of the Colours follow in this Order, orange, yellow, 
Fig. 33 S blue, » Zur rple, violet, the Ny of which laſt Colour have the 

. greateſt Re oibility. - | 

3502. S The oblong Image of the Sun, as has Gia: faid, is made of in- 

* 3497; "numerable round Images *: If the Diameters of them be dimi- 
niſh'd, which is done by a 1p the Rays of the Sun in ſuch 
manner, that thoſe only may paſs through the Priſm, which come 
from a fimall Part of the een of the Sun, the Genters of the 
peculiar Images making the oblong one are not alter'd; therefore 
the Length a+ of the Image between the liel Lines is not 
alter d. And this only would remain, if the Breadth of the Image 
mould be infinitely ſmall, and this Length only were to be conſider d 
in determining the Limits of the Cofours in the Image. Theſe 
are mark d in the Figure by the Letters a, b, c, d, e, f, g, b, and 
the Number wrote againſt every Colour denotes the Space taken up 

2 by it in the Image, the whole: LO" of the Image being divided 

into 360 Parts. 

3 50 3. The Rays in the n face are indeed ſeparated; nevertheleſs 

every where many peculiar circular Images are confuſed, and 
they are no where perfect) homogeneous. 

3504. 2 hen the Breadth of the Image is diminiſhed by the Method juſt 
* 202, ſhewn *, all the Circles become ſmaller and are confuſed by a 

ſmaller Number, and thoſe, which are confuſed, differ leſs in Re- 
frangibility ; wherefore in the whole Image the Rays are more homo- 
geneous, and the Colours more perfect; and likewiſe weaker. 

3505. The Colours in the Image are alſo more perfect, the ſmaller the 

Hole is, through which the Rays are let in; becauſe the Number 
* 3436.3487. of the Images, which are every where confuſed 2. is diminiſh'd, 
and they have a different Refrangibility; the Image is alſo weaken' Fi 
Nevertheleſs the Colours become but a little more perfect by this 

* 3502. Method, the firſt is to be prefer'd *. 
3506. But if we would have the Colours more lively, and at the ſame 


Time more homogeneous, we have them in the following Expe- 
riment. 


ExPERIME NT 5. 
350. Rays proceeding from the Sun are let into a dark Chamber through 
Pl. 112. a Hole, whoſe Diameter is equal to about the eighth Part of an 
Fig. . 1 Inch; 
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Inch; the Direction of theſe is horizontal, and at the Diſtance of 
eight Feet from the Hole they fall upon the convex Lenſe L, which 
collects parallel Rays at the Diſtance of four Feet; if theſe Rays run 
againſt a white Plane at the ſame Diſtance of eight Feet from the 
Lenſe, they will give an Image of the whole equal to it *. 

But if the Rays behind the Lenſe be intercepted by the vertical 4 508. 
Priſm P, they are bent, and diſperſed +, and make the colour'd * 3481. 
Image RV; by turning the Priſm about it's Axis the Poſition of + 3484. 
the Priſm is ſought, in which the Rays are leaſt bent, and faſten'd f,+ 3485. 


the Paper T* is plac'd, that the Light may fall upon it perpen-* 3484. 


dicularly ; and it is removed till the Image be circular. 

This Image has but a ſmall Breadth, becauſe it conſiſts of Images 3 509. 
equal to that mention'd *; it is vivid, and as the homogeneous * 3 507, 
Images are confuſed in a ſmaller Number ; the Light is every where 
leſs hetrogeneous than in the foregoing Experiments. 

We have an Image equally pure, but more broad, if the Light 3510, 
paſſes through a vertical Slit, above an Inch high, and whoſe Pl. 112. 
Breadth is equal to the Diameter of the Hole which has been made Fig. 2. 
uſe of in the Experiment. The Slit may be alſo narrow'd more, 
and then the Light is every where more homogeneous in the Image, 
which now bs a Parallelogram, whoſe Breadth is equal to the 
Height of the Slit. If this Slit have the Figure of an Iſoſceles Triangle 3511: 
whoſe Bafe compar'd with the Height is ſmall, the Image through- 

out it's whole Length is more vivid near one Side, and is weaken'd 
towards the other ; becauſe the Slit is narrow'd towards that Part, 
through which the Rays paſs : Therefore the Light is alſo more 
homogenequs, in the Ratio, in which it is weaken'd. ; 

The Demonſtration, before given *, concerning the conſtant Ratio 3512. 
between the Sines of the Angles of Incidence and Refraction, muſt be * 280g. 
referr'd to all homogeneous Rays; for it is not confin'd to any certain 
Degree of Refrangibility ; but this Ratio varies, according to the 
different Refrangibility ; as clearly follows from the Experiments of 

this Chapter. : 

But that Refrangibility and Colour in all Rays are entirely un- J$13- 
changeable ; that is, that they are not alter'd by any Refractions, 
Reflections, or Permixtions, plainly appears from Experiments to 

be ſhewn in the three next Chapters. | 


CHAP. 


* 3035.3045. 


—UüU— ᷣ — — Aol EE En TN — TE 


248 


3514. 


3315+ 


3516. 
Plate 112. 


Fig. 3. 
3484. 


3317. 


3518. 


Mathematical Elements Book V. 


C HAP. XXI. 
That Rays are not alter d by Refraction. 


W E ſhall now demonſtrate by Experiments, that the different 
Refrangibilty of Rays is inberent in them, as alſo their Co- 
hour, and that theſe Qualities do not depend upon a refracting 
Medium, from which Experiments it will appear; that the Rays, 
which in one Caſe undergo the greateſt Refraction, are moſt turn'd out 
F their Way in any other Refraction whatever, 


EXPERIMENT I. 


A Ray, as in the firſt Experiment of the laſt Chapter, is let 
through a Priſm, this is diſperſed, and divided into many Rays, 
which would make an oblong Image, if they fell upon a white 
Plane * ; but they are intercepted by the vertical Priſm C D, plac'd 
at any Diſtance from the firſt Priſm ; but the leſs the Diſtance is, 
the more ſenſible is the Experiment. 

The Rays in paſſing, through this ſecond Priſm, are bent ſidewiſe, 
and the Priſm being mov'd, till the Deflection is the greateſt of all, 
let it be fix d; and let the Rays fall upon white Paper perpendi- 
cularly. | | 

The Rays are now refracted by the ſecond Priſm in the ſame 
manner, as by the firſt, but they are not diſperſed in the fame 
manner, which would give a ſquare Image ; but this is inclin'd at 
R V, the Rays being turn'd out of their Way moſt at V, as in the 
Refraction through the firſt Priſm. 

There is alſo another different Refraction of the Rays, not de- 
pending upon the Rays, but the Medium. Chryſtals and tranſpa- 
rent Flints, though I can't fay all, have this wonderful Property, 
that they divide in Refraction every homogeneous Ray into two; 
which Separation is different not only in different Bodies, and in 
different Inclinations of the Rays; but it is alſo different in the ſame 
Body, and the ſame Inclination, according to the different Poſition 
of the refracting Surface, and the refracted Ray, with reſpect to the 
Vein of the Stone ; but neither the Colour nor Refrangibility are 
alter'd by ſuch a double Refraction, and Diviſion of Light. 
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EXPERIMENT 2. 


This Experiment was made with a very pure Priſm, ſent from 3 519. 
England, made of a Braſil Pebble. ; 

This Priſm is equi-angular, and the firſt Experiment of the laſt 
Chapter being repeated with this Priſm, inſtead of the Glaſs Priſm, 
and this being plac'd in fuch Manner, that the Axis might be horizon- 
tal; I obſerved three different Phenomena, according to the dif- 
ferent Angle, that was upwards: A double Refraction was always 
diſcover'd, and two oblong Images were perceiv'd; but they were 
not ſeparated. 

In the firſt Poſition of the Priſm the upper Part of the Image was 
painted with a pure red Colour, the lower with a violet Colour, in 
the whole intermediate Space, it appear'd that there are the ſame 
Colours, which we had before, but theſe were confuſed and mix'd 
together, ſo as they thew'd, that there were two colour'd Images, 
which did not agree. 

In the ſecond Poſition of the Priſm, the Images did leſs agree, 3521. 
and the red Colour of the upper Image was ſeparated more, as 
likewiſe the violet Colour of the lower Image, and that Image was 
longer. 

In the third Poſition of the Priſm the Image was extended very 3522. 
much, and they were both ſeparated more, ſo that the red Colour Plate 112. 
was entirely raiſed above the lower Image, and likewiſe the orange Fig. 4. 
Colour, and part of the yellow Colour of the upper Image ; where- 
by it happen'd alſo, that the violet Colour, and Part of the Purple, 
of this Image was ſeparated ; the reit of the whole Image was very 
much confuſed. 

The Priſm remaining in this Poſition, I tranſmitted Rays, going 3523. 
out of this, through the vertical Glaſs Priſm, as in the laſt Experi- 
ment *. By this Refraction they were inclin'd, and quite ſeparated. * 3 516. 

Theſe Images were parallel, and the Colours in the vertical Lines 3524. 
correſponded, and indeed in ſuch manner, that it appeared, that the Plate 1 12. 
red Colour of each Image was the leaſt bent of all in the ſecond Fig. 5. 
Refraction, and equally in both Images. So alſo the two violet 
Colours had the ſame Refrangibility, and the greateſt of all. 

Although it is manifeſt enough from theſe Experiments, that 3525. 
Colour and Refrangibility are not alter'd, which is alſo confirm'd 
by many Experiments, hereafter mention'd ; nevertheleſs I will 
add one Experiment more, which has been made by many with- 
out Succeſs, but which always ſucceeds, when due Caution is uſed. 

Vol. II. K k ExPE- 
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ExPERIMENT 3. 


A Ray of Light is tranſmitted through the Priſm, as in the firſt 
Experiment in the laſt Chapter ; but the Hole, through which 
the Light enters, is greater, and it's Diameter exceeds half an Inch: 
The Light, whilſt it goes out of the Priſm, falls upon the Surface 
of the Board T*, which intercepts the bs thoſe only being left, 
which go through the Hole g . Theſe are not yet ſeparated ; 
becauſe this Hole is at a ſmall Diſtance from the Priſm : Yet they 


are diſperſed, and the oblong Image RV, falls upon the Board 


Join'd to the Stand of the ſecond Priſm f, at the Diſtance of ten or 
twelve Feet: Which Stand is fo plac'd that the Hole g, which 
correſponds with g, is in the Image itſelf, and ſome of the Rays 
paſs Rug it, which fall upon the ſecond horizontal Priſm, by 
whoſe Refraction they are directed downwards or upwards, as in 
this Figure, and fall upon the white Paper. By moving the firſt 
Priſm a little about it's Axis, the Rays of all Colours go through 
the Hole g ſucceſſively, and are refracted by the ſecond Priſm. 

In this ſecond Refraction there is no Diſperſion of the Rays; 
the Images, when the Paper is inclin'd, fo that the Light falls upon 
it perpendicularly, is round, and of one Colour ; namely of that, 


which paſſes through g; the Refrangibility alſo in this Caſe is not 


3528. 


alter'd, and the Spot S changes it's Place in ſuch manner, whilſt 


the Colour is alter'd, that it appears that the red Rays are refracted 
leaſt of all, the violet Rays moſt of all. 


This Experiment may be varied, and made with vertical Priſms, 


in this Caſe, the Ray, which falls upon the firſt Priſm, muſt be ho- 


* 3482. 


3529. 


rizontal; then the Holes F and f * are to be made uſe of, which 
are in Plates that may be moved horizontally. 

The firſt Priſm remaining alſo, and the Light being tranſmitted 
through the Hole g, a ſecond Priſm may be plac'd vertically, and 


the Light, which paſſes through the Hole f, may be bent fideways. 


3530. 


3331. 


The Event of the Experiment is always the ſame. 
We tranſmit Light through two narrow Holes, that it's Direction 
may be well determin'd, and all the Rays may follow the ſame 


Direction. The Hole, through which the Light is let in, muſt, for 


this Reaſon, be larger than in the foregoing Experiments, that the 
Light, which paſſes through g, may not be too weak. Thoſc 
ſmaller Holes are made uſe of, which are in the Plates that may be 
mov'd perpendicular to the Direction of the Axis of the Priſm, that 


the Holes may anſwer exactly to the Priſm, But as the Event of 
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this Experiment is not always the ſame, and Mariotte, who was + 532. l 
well verſed in phyſical Experiments, affirms, that after the ſecond © ( 
Refraction of any Ray, the Colours appear different again; ſome- 
thing muſt be mention'd, and I muſt ſpeak diſtinctly of the Cauti- 

ons that are to be obſerv'd. 

If with the Rays of any Colour, a ſmall Quantity of Rays of dif- 3 533. 
ferent Colours be mixt, the Colour is not alter'd thereby as to Senſe ; 
becauſe the vivid Light hinders the weak Light from being ſenſible ; 
but if ſuch Rays, which appear to the Eye homogeneous, paſs 
through the Priſm, they are ſeparated, and the Colours then become 
ſenſible : therefore unleſs the Rays be homogeneous that fall upon 
the ſecond Priſm, the Experiment neceſſarily ſucceeds as it is de- 
ſcribed by Mariotte; but who does not ſee that nothing can be 
concluded from ſuch an Experiment if the Event be the ſame as 
that which we have deſcribed above *, the neceſſary Cautions being * 3 527. 
obſerv d? 

The Priſms that are to be made uſe of, eſpecially the firſt, muſt 3534. 
be of pure Glaſs, otherwiſe there are Reflexions of the Rays in 
the Priſm itſelf, and in the going out the heterogeneous Light | 
is every where mixt with the homogeneous Light, which, whilſt it | 
is ſeparated, diſturbs the Experiment. 3535. | 

Care mult be taken alſo, that no Light enters the Chamber,except _— 
the Ray mention'd in the Experiment; for if any ſuch Rays be | 
mixt with thoſe, that make the Image, the Experiment cannot 1 
anſwer well. «| 

We muſt alſo take care that the Experiment be not made when 3530 | 
the Sky is not clear enough ; for then there are many Rays among 
thoſe, that proceed directly from the Sun, which follow different 
Directions; which chiefly happens, when there are Clouds towards 
the Sun, which reflect Light vivid enough. 


CHA P. XXII. 
That the Rays are not alter d by any Reflexion. | 


E prove by Experiments that the Rays are not altered by 3537. = 
Reflexion. 


EXPERIMENT I. 


An oblong Image of the Sun being given, tinged with homo- 2538. 1 
geneous Colours *, let the different Colours of it fall ſucceſſively * 3484. 3500. 4 


upon the Surfaces of different Bodies, for Example, upon thay ot 
Kk e Cloth 
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Cloth of different Colour, or Silk, or of any other Body; or we may 
take any painted Bodies, or the Powders themſelves, that Painters 


make uſe of; in all theſe Caſes the Rays in Reflexion keep their 


3539. 
Plate 114 


Fig. 1. 

* 3249. 
3540. 

T 3249. 


3541. 


3542. 


own Colour; the red Rays remain red, whether they are reflected 
from a red Body or a blue one; but the Colour is more obſcure 
and dark, when the Colour of the Rays does not agree with the 
Colour of the Body, notwithſtanding it is not alter'd. 


A STAND for the tuo PRISMS. 


Upon the wooden Stand P two wooden Pillars are plac'd, about 
a Foot high, which ſupport the tranſverſe Piece of Wood MM. 
The lower Priſm A B is laid upon the ſmaller Pillars G G *, which 
turns about it's Axis, and 1s faſten'd by a Screw at c. 

The other Priſm EF + is like the former; this has a Handle 
H; n paſſes through this, which makes one End of the Axis, 
through a Hole at the End of the Handle; the other End o 
goes into an Inciſion, tending obliquely downwards; and the 
Priſm is faſten'd by the Screw m; the Handle is ſupported toge- 
ther with the Priſm, by Means of the Copper Plate L, which 
may be rais'd and let down, and which is retain'd by the Screw 7. 

The Handle H is join'd to the Plate L in ſuch Manner, that the 
Priſm, it's horizontal Poſition being kept, together with it's Han- 
dle, may be turn'd about, a vertical Line paſſing through p; and 
the Handle is faſten'd by Means of the Screw I. We ſhall call 
this laſt Motion the Converſion of the Axis of the upper Priſm. 


EXPERIMENT 2. 


We let Light into a dark Chamber through two Holes *, in the 


Plate 1 13, fame Manner as through one in the firſt Experiment of the twen- 


Fig. 2. 
* 2705. 3476. 
3477. 


3541. 


+ 2775. 


tieth Chapter. The lower Ray is tranſmitted through the lower 
Priſm, and gives an oblong Image ; the upper Priſm is rais'd, by 
moving the Plate / or let down and faſten'd at that Height, that 
another Ray may fall upon it; by Help of this we make a ſecond 
Image, which, by turning the Axis of the Priſm “, we diſpoſe in 
ſuch Manner as to join the Images fideways ; then, by turning one 
of the Priſms about it's Axis, we depreſs one Image in ſuch Man- 
ner, that the red Colour of it may anſwer to the violet Colour of 
the other Image. The Paper being removed which covered the 
wooden Rectangle , the upper Ruler LL of the Rectangle, is to 


be 


HOC ARAWEST Aa 


oO wn, — * -w 


was. AY A — > — 
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be placed in ſuch Manner, that the ſaid Spots, the one red R, 
and the other violet V, may fall upon the Middle of the Ruler. 
This is white in that Place, and every where elſe black; with 
the reſt of the Rectangle and the Stand. 

Now if a Spectator at the Diſtance of ſixteen or twenty Feet 
beholds theſe Spots Rand V, attending to that which has been ſhewn 
above *, he will ſee the violet Spot at z, and the red one leſs re- 
moved out of its Place at ; ſo that there is no Alteration in the 
Colour's Refrangibility, though the Rays are reflected. 

The Parts of the Images which paſs above and below the Ru- 
ler LL, muſt fall upon the black Plane, that they may not di- 
ſturb the Experiment. 

But this Experiment anſwers beſt, when there is another dark 
Chamber near at Hand, into which theſe Rays may penetrate: 
If then the Spectator beholds theſe Spots a little obliquely, none 
of the uſeleſs Light can be reflected to him. 


j EXPERIMENT 3. 
This Experiment ſucceeds beſt of all alſo, if there be two 


Chambers ſeparated only by a Door, and they be both dark; then plat 
the Priſm being placed at the Diſtance of ſixteen or twenty Feet Pi 


from the Door, the Rays are ſeparated, that an oblong Image of 


the Sun may be made *, which in the other Chamber falls up- + 


on the Paper at RV, at the Diſtance of upwards of thirty Feet 
from the Priſm. 

Upon this Paper T are drawn black Lines parallel to one ano- 
ther, about the ſixteenth Part of an Inch broad, which are en- 
lightned by the faid oblong Image of the Sun, according to the 
Length of which, the Lines are diſpoſed ; there is moreover a con- 
vex Lenſe of five or fix Inches Diameter, ſuch as has been uſed 


223 


3543. 


3493. 


3544. 


3545» 


3 540. 


T2. 


3483. 


3547. 


above; or if this be not ſo convenient, we make of one more“ 3 50%. 


convex, which collects the red Rays proceeding from a radiant 
Point fix Foot diſtant from the Glaſs, at an equal Diſtance; if 
this Lenſe be at the Diſtance of ſix Feet from the ſaid Image, 
the Parts of the Lines, which are in the red Colour, are repre- 
ſented upon the Paper, by Rays collected by the Lenſe, at the 
Diſtance of fix Feet alſo, exactly in the red Image, but the Pa- 
per muſt be moved nearer about three Inches and an half, that 
the Parts of the Lines, illuminated with a purple Colour, may ap- 
pear diſtinct in the Image of the ſaid Colour: the intermediate 
Colours give their Images at intermediate Diſtances; the violet 
Colour is fo weak, that the Lines in it cannot be repreſented, This 
2 


e114. 


l 
Way | 
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3545 e eriment.. anſwers. Alſo, though there be not a ſecond 


. Hut chen we ought to prevent the extraneous Light, 


: 0 wh oth 5 to the Chamber throßgh che Hole, from making 


"We? the R copy ef the Lines tog weak, by means of a Curtain 


354998 


{Fr 


- 


38 


Ri 


n Other Way, if we do not make uſe x the Helioſtate. 

 ; Therefore: Hig Experiment 18a Confirmation alſo, that the Co- 
- log 'of the reflected Rays is nor alter d Hy a new Refraction through 
a Lenſeyjas-kewiſe that the molt refrangible Rays are inflected 


more-than athers, in paſſing through the Wat This laſt Expe- 


riment* proves, that be different Refrangibility of the Rays 


e ee are not perfect; tor the Rays proceed- 
i ing its at an equal Diſtance, are collected at various Di- 
ſtances from the Lenſe, Nr their different Colour; 


' whence alſo the Repreſentation of 

_ ſtances from the Eye-glaſs, which therefore cannot all be ſeen 
perſeclly through it. 

With Regard to the Reflection of the Rays, that the Rays are 


35351. 


32857 


Points are at unequal Di- 


in general more eaſily reflected, which: have a greater Refrangubility, 
Hr the greater the Refraction of the Rays is, the leſs Obliquity is 
* chat ihep! 0 ag All. reflected *. 
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2 R 1 8 1 8, with their Stands, 3 Experiment concerning Re- 
I'm 1 5 . pee are demonfirated. 


35582. 
Plate ri. 


Fig. 3. 


2 


oe” 1 Is that Is 1 B, Op, that are equal and ſimilar, are made 


ee e the Baſes. of them are re wle e Iſoſceles Triangles, ſo 
e emed, the greater Surfaces being apply d, they make 
WW... . % whoſe Baſes are Squares; the Baſes of theſe 


_ Triay joined are put into the Boxes E E, and the Priſms 


are fa ned by Minors of the Screws , , which preſs the Plates 


fy g g Theſe are apply d to the Glaſs immediately, and are bent 


3533. 


in ſuch Manner that the Screws may not damage the Glaſs, though 


they paſs through the Plates, whilſt they are joined to them. 
Ihe Priſms thus joined together, may be turned about their 


Plate 114. common Axis, by Means of the Points cohering with the Boxes: To 


Fig. 4. 


3554. 


this End we put the Priſms upon the wooden Stand 8, and the 
Friſms are kept in the required Poſition by Means of the Screw . 
* Sometimes only one Priſm is made uſe of, then the Places, which 
occupy the Extremities of the other in Boxes, are filled with wood- 
en Triangles, as H (Fig. 3.) and the one Priſm is faſtened in 


the ſame Manner, as has . ſaid of the two, and is laid upon 
the Stand. | We 
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We repreſent the Priſms in an horizontal Poſition, we may alſo 3555. 
make uſe of them in a vertical Poſition, for the Length of the Point 
muſt be determined in ſuch Manner, that the Side o p, and the 


End of the Point, may be in the ſame Plane perpendicular to 
the Axis of the Priſm. 


EXPERIMENT 4. 
A Ray of the Sun is let into a dark Chamber, through a Hole, 


whoſe Diameter is equal to a Quarter of an Inch. plate 56. 
If the Direction of it be not convenient enough, it muſt be re- Fi 51 17, 


flected by a Mirror, and indeed brought into an horizontal Direc- 
tion; this at leaſt is moſt convenient, and then the Priſm is to be 
put into a vertical Poſition. | 

Only one Priſm A B is made uſe of, into which the Rays pe- 
netrate, through one of the ſmaller Sides of it, in ſuch Manner, 
that it is partly reflected by the greater Sides, and Part of it 
goes out, 

This laſt Light falling upon the white Paper 7, gives a colour'd 
Image, the Priſm is turned in ſuch Manner, that the Rays may 
paſs through near the Surface of the Priſm ; the reflected Light 
is refracted by the Priſm P, and gives a colour'd Image R V 
at T. 

Now if you continue to turn the Priſm flowly, in ſuch Man- 3557. 
ner, that the Obliquity of the Rays falling upon the lower Side be 
increaſed, the violet Rays will not be able to penetrate into the 
Air, but they will all be reflected: If you continue the Motion 
all the purple Rays are reflected, afterwards the Blue, and the eſt 
according to their Order in the Image r, v, which continually aſ- 
cends, whilſt the upper Part vaniſheth, the red Part, which con- 
liſts of the leaſt refrangible Rays, vaniſhes laſt. | 

In the mean Time the Colours of the Images RV are altered, 3558. 
and that becomes more intenſe ſucceſſively, which vaniſhes in the 
other Image. 


C H A P. XXIII. 
Of the Mixture of Colours, and I hiteneſs. 


E have already faid that the Refrangibility and Colour of 3559. 
Rays is not changed by the Mixture of Rays of dif- 


ferent Refrangibility , which is manifeſt by Experiments, ® 2413; 
5 
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EXPERIMENT 1. 


3500. This Experiment is made in the ſame Manner as the ſecond of 

* 3541. the foregoing Chapter, but by turning the Axis of the upper Priſm#, 

| the Spots are confuſed, and make one purple Spot; but the Co- 

lours appear ſeparate to a Spectator, who beholds it through a 

Priſm, and neither the Colour nor Refrangibility are altered by this 
Confuſion of Colours. | =. 


3 
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EXPERIMENT 2. 


3561. If the oblong coloured Image of the Sun, which was ſpoken 
Plat 11 5. of in the firſt Experiment of the twenty firſt Chapter, falls upon the 
Fig. 1. convex Lenſe L“ at RV, placed at the Diſtance of fix Feet from 
* 3547. the Priſm BB; the diverging Rays converge by the Refraction of 
the Lenſe, and mutually interſect one another at A, at the Diſtance 
of ſix Feet; if the Frame T be at a greater Diſtance, the Rays, 
which diverge again after their Interſection, come to it diſperſed, 
and there 1s again given an oblong colour'd Image ; but the Co- 
lours, by Reaſon of their Interſection at A, are diſpoſed in a con- 
trary Order, but they are not altered by the Mixture at A. 


EXPERIMENT z. 

3562 All Things remaining as in the foregoing Experiment; if ſome 
pl $3 ; 15. Rays of the Image RV be intercepted by the black Paper, which 
Fig. 1 alters the Mixture, which by this Method may be varied at Plea- 

ure, the Colours of the reſt of the Rays, which are again ſepa- 

3563. rated, are not altered. F the Sun Rays, as they come to us, be 

wholly reflected by any Body, this appears white ; but theſe Rays are 

„3465. 3495. an Aſſemblage of Rays of different Colours ; whence we infer 
3564. that a Mixture of different Colours conſtitutes Whiteneſs, for if the 
Colours which are obſerved in the oblong Image of the Sun, fo 
often mentioned, be mixed and confuſed, in the fame Proportion 

as they are in that Image, Whiteneſs is produced ; which alto 

proves, that in that Reſpect the Rays are unchangeable. The 

Rays that come from the Sun appear white, but if they are ſe- 

parated, their Colours are diſcovered ; and, if they be mixed again, 

the Whiteneſs will be reſtored. 5 


: Ex PERIMENT 4. 
3565. Things being diſpoſed as in the two foregoing Experiments, 
Plat 4; 5.let the Board T be placed at A, in the very Place where all the 
Fig. 2. Rays 


Chap. 23. of Natural Philoſophy. 
Rays of the Image RV are mixed together; there will be a White- 
neſs at A, if with a black Paper you intercept the red Colour of the 
Image RV, the white will vaniſh, and the Colour at A be bluiſh; but if 
you intercept the violet and blue Rays, the white becomes reddiſh. 
If we would have the white Spot greater, we make uſe of that 
Lenſe which has been mentioned in the fifth Experiment of the 
twentieth Chapter, but we place this in the Middle between the 


Priſm and the Board T, which is at the Diſtance of fixteen Feet 
from it. 


EXPERIMENT 5. 
Take three triangular Priſms made of glaſs Plates *, BB, CC, 


FT 


3566. 


3507. 
DD, containing Water; the Sun Rays are refracted through the Plate 116. 


Priſm BB, as in the third Experiment of the twentieth Chapter, Fig. 1. 


and the oblong Image of the Sun falls upon the Face of the * 3491. 


Priſm CC, placed in a Situation parallel to the Face of the Priſm 
BB, at the Diſtance of three or four Feet, out of which the 
Rays go. In the ſecond Priſm the Rays undergo Refraction, 
contrary to that which they did in the firſt, by Reaſon of the 
Paralleliſm mentioned, and becauſe the Angle which the glaſs 
Planes make, through which the Rays paſs, are equal: There- 
fore the firſt Refraction is deſtroy'd by the ſecond, and the Rays 
go out of the Priſm CC at R V parallel, for the Priſms are fo 
placed, that if the Priſm CC be brought near the other, and 
the parallel Faces mutually touch one another, the Light may pals 

through the Medium, terminated by parallel Planes; for both the 
Priſms joined together make a Parallelopiped, through which 


Light, of any Refrangibility paſſes without Change of Direction * * 2792. 


now the Priſms are ſeparated, that the heterogencous Rays may 
be ſeparated, before they again become parallel, if theſe coloured 
Rays fall upon the third Priſm DD, and in paſting through it 
undergo a Refraction like that which they have undergone in 
paſſing through the firſt or ſecond Priſm ; the Rays that go out at 
rv converge, on Account of unequal Refractions in Rays of different 
Colours, and concur at A, in which Place alſo Whiteneſs will be 
produced, as in the foregoing Experiment. 


EXPERIMENT ©. 
Let RV be an oblong coloured Image of the Sun, as in the 


firſt Experiment of the twentieth Chapter, and let there be a Plate 110. 


3568. 


Spectator at S at a Diſtance from the Plane T, as much as the Priſm Fig. 1. 


is diſtant from it, by which the Rays are ſeparated ; if he look at the 
Vor, II. L1 Image 


258 Mathematical Elements Book V. 
Image VR through another Priſm like the firſt, as was ſaid of the 
Hole in the fourth Experiment of the ſame Chapter, he will ſee the 
Image round. and white; the ſecond Refraction deſtroying the 
fit 5 tech Manner, that the Rays enter the Eye being again 


5 | EXPERIMENT 7. © 
3569. All Things being ordered as in. the fourth Experiment forego- 
Plate 118. ing, the Priſm is placed at A in the Point in which the Rays be- 
Fig. 1. ing mixed are white ; the Rays are refracted downwards, and 
indeed in ſuch Manner, that the Deflection is the ſmalleſt ; which 
Poſition of the Priſm is found, by turning it about its Axis, then 
(for we fuppoſe the Priſm P and A to be ſimilar) the ſecond Re- 
fraction deſtroys the firſt, and the Rays ga out of the ſecond Priſm 
along e, %, as they enter into the firſt along c, d, parallel and white; 
now if this white Ray ef be refracted through the third Priſm B 
horizontally, we have a new oblong Image vr, tinged with the 
Cobours often mentioned. 


| ExXPERIMENT 8. 

3570. In this Experiment all Things are diſpoſed, as in the laſt Ex- 
Plate 1 17. periment of the foregoing Chapter; but a ſecond Priſm C D* is 
Fig. 2. joĩ with the Priſm A B, a ſmall Piece of Paper being put be- 
* 35 52. tween, at the Extremities of the Priſms. 

Then the Rays, which paſs through the two Priſms, make a 
white-Spot m, ſuch as the Rays reflected at M give. 
Noa the Priſms being turn'd about their common Axis, in 
tuch Manner that the Rays of all the Colours may be fucceſſwe- 
j reflected, the Whiteneſs of both the Spots M and m2 is alter d, by 
EReaſon of the Alteration of the Mixture of the Rays. 
3571. If the Planes T, 7, being removed, the Priſms be placed at 
Mm, by which the Colours are ſeparated, we ſhall have the ſame 
* 3:-1.3:58. Phenomena in the colour'd Images, that were mention'd before“. 
3572. A Mixture of all the Colours, which are obſerved in the oblong 
Image of the Sun, is not neceſſary to conſtitute Whitenefs ; the White- 
neſs of the: Sun's Rays is a little inclined to yellow ; and the yel- 
low Rays being partly taken out of the Mixture, the white becomes 
more perfect. Whiteneſs is produced from the Mixture of four 
| or five Colours, the juſt Proportion being kept; the frimary Co- 
3573. urs, that is the homogeneous Colours, being mix d, generate many Co- 
leurs different ſrom the homogeneous, or primary Colaurs; _ 0 ES 
a Colour, 
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2 Colour, like an ho Colour, is made up of the Mix- 

ture of other Colours, and thefe three Colours, red, yellow, blue, 

being ee we may imitate all the Reſt; but we ought not 

from thence to infer, that there are only three primary Colours, 

fince we really diſcover ſeven: Nevertheleſs when no Difference is 3374. 
obſerved between the homogeneous Colour, and that which is mixed by 

the naked Eyes, this 1s ſenfible through the Priſm. 


EXPERIMENT 9. 


Let any ſmall Objects, as Letters on * Flies, and other 4575. 


ſuch like Objects, be obſerved through a Priſm, if they be expoſ- 

ed to the mix'd Light they appear to be confuſed ; if they be en- 
lightened with homogeneous Light *, when ſeen through the * 35 10. 
Priſm, they are terminated by diſtin Limits. 


CH A P. XXIV. 
Of the Rainbow, 


AVING finiſhed what relates to the Rays enlightening 3476. 
Bodies, we muſt not leave this Subject, without explaining 

a Phenomenon, which is too remarkable and common to be paſ- 

ſed by in Silence. 

The Rainbow, or Iris, is what every Body has often ſeen: Hav- 
ing firſt premiſed ſome Things, we muſt explain what is the Cauſe 
thereof. 

Let there be Water encompaſſed with Air, terminated by the Cir- 3577. 
cle BDF H, let homogeneous Rays, which are parallel, fall upon it, plate 118. 
whereof AB is one; let the Semi-diameter CB be drawn and Fig. 2. 
continued to N, this is perpendicular to the Surface ſeparating the 
Mediums, therefore ABN is the Angle of Incidence; this Angle * 2918. 
is equal to the oppoſite vertical Angle CBL*, whote Sine is CL # 1 - El. 1. 
perpendicular to BL, and going through the Center, the Ray is 
refracted towards the perpendicular *, and CBM is the Angle of * 2798. 
Refraction, whoſe Sine is C M drawn from C perpendicular to 
BD; for every Ray, ſuch as AB, the Ratio between the Lines, 
inch as CL and CM is the fame “. * 2309. 

The Ray BD in Part penetrates into the Air in the Directi- 
on E, and in Part is reflected in the Direction D F, ſo that the An- 


gle of Reflection CDF, is equal to the Angle of Incidence BDC#; * 3241. 
E , conſe- 
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conſequently BDand DF are equal ; alſo the Ray DF does in Part 
go out of the Water along F G, and is reflected along FH; which 


in the ſame Manner does in Part go through HI, and in Part is 


reflected; but we do not conſider this Reflection, and other far- 
ther Reflections and Refractions; they are too weak, becauſe of the 


3575. 
Plate 1 19. 


Fig. 1. 
| 2794: 2795. 


2769. 


Plate 118. 
Fig. 2. 


Plate 118. 


Fig. 3. 
3579 


3272. 2793. 


3580. 


3581. 


ſeveral Diyiſions the Light has undergone. 


EXPERIMENT I. 


We let an horizontal Ray into a dark Place *, and intercept it 
by the Board, whoſe Inciſion is horizontal ||, and which we repre- 
ſent by the Line AB. In the Inciſion we leave a ſmall Aperture, 
in ſuch Manner, that only a ſmall Ray may paſs through; the Cy- 
linder V made up of pure Glaſs that is thin contains Water, into 
which the Ray A BC paſſes obliquely, and is refracted along CD; 
it is reflected along D E, and goes out along DF; it is further 
reflected along EG, and fo on: We ſeek the Poſition of the Glaſs 
by Trial and the Breadth of the Ray, that the Experiment may 
be very ſenſible, in which Caſe the Reflections are ſo repeated, 
that they extend themſelves beyond I ; but the fixth Ray is ſcarce 
viſible, and often cannot be perceived. 

The Ray FG, which after one Reflection goes out of the Wa- 
ter, makes the Angle GPA with the incident Ray AB, which 
varies in different incident Rays; therefore, though theſe Rays 
ſhould be parallel, they will be diſperſed when they go out after one 
Reflection, as is evident by looking at the Figure. 

The Ray EE, which being continued, paſſes through the Cen- 
ter C, is not turned out of it's Way, either by Reflection or Re- 
fraction. 

As you recede from this Ray, the Ray which returns is leſs 
and leſs inclined continually to the incident Ray. Thus the Ray 
DD, which goes out of the Water along d d, and returns along 
that Line, makes a greater Angle with DD, than the intermedi- 
ate Rays DD and EE do make with their returning Rays, which 
go out of the denſer Medium. 

Let BB be a Ray, in Reſpect of which this Inclination is the 
leaſt of all, that is, which makes an Angle as APG (Hg. 2.) 
the greateſt of all: Beyond BB, the returning Rays are more in- 
clined towards the incident Rays; thus A A returns along as : 
From this Diſperſion of the returning Rays, receding from the 
Place where the Rays are bent, they become continually weaker 


and weaker ; and their Colour cannot be perceived throughout _ 
| 2 I whole 
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whole Space which they fill, though the Colour of the incident Rays 
be vivid; the Colour in the returning Rays 7s only ſen/ible where 
the adjacent Rays are parallel, and thoſe next to them diverge but 
a little, ſo that at a great Diſtance they are denſe enough to be 
perceived : Theſe only are ſaid to be efficacious, and will be ſo, where 
the incident Rays being refracted, meet in the very Point of Re- 
fraction. | 

Let AB, 4 6 be adjacent Rays, parallel to one another, and fall- 3 582. 
ing upon a circular Surface terminating the Water; if theſe, be- Plate 118. 
ing refracted along B D, 5 D meet in D the Point of Reflection, the Fig. 4. 
reflected Rays D F, F, will make with F/ Angles equal to thoſe 
which DB, D make with B; and fo the refracted Rays, F G, 
Fg, will be parallel “ and efficacious . In the firſt Scholium follow- * 3790. 
ing we have demonſtrated how, in this Caſe, when the Ratio be- 4 3581. 
tween the Sines of Incidence and Refraction is given, the Angle 
formed by the incident Ray and the returning efficacious one, 
may be determined, that is, the Angle AP G, which here is the 
greateſt of all. | | 

When the Ratio between the Sines of the Angles of Incidence 3583. 
and Refraction varies, the Angle AP G is changed; which there- 
fore is different, according to the different Refrangibility of the 
Rays. 

if the Surface abovementioned be enlightened by heterogeneous Rays, 3 584. 
as they flow from the Sun, e efficacious Rays of different Colours 
do not make equal Angles with the incident Rays, and ſo the Colours 
are ſeparated by Help of this Refraction. 


EXPERIMENT 2. 


This Experiment is made in the ſame Manner as the forego- 3585. 
ing one, but we make uſe of another Board IT &, becauſe it is Plate 119. 
not neceſſary, that the Ray be ſo ſtraitened ; and the Height of Fig. 2. 
the Ray, going into the Water, may now be determined at Plea- * 2-68, 
ſure. The Poſition of the Glaſs is alſo eafily diſcovered by mak- 
ing Trial, that the efficacious Rays of ail Colours may return ; the 
Rays that paſs through the Slit of the ſaid Board are ſufficient that 
we may have all the Colours. | | | 

If theſe efficacious Rays fall upon the white Paper, at the. Di- 
ſtance of four or five Feet, the Colours will appear ſeparated ac- 
cording to their Order of Refrangibility *, and by Reaſon of the * 3501. 
Figure of the Glaſs the Colours will appear vertical. 


It 
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3587. 
Plate 119. 


Fig. 3. 


* 3249. 
3588. 


3589. 


3590. 
Pl. 119. 
Fig. 2. 


3591. 
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If the Paper being removed the: efficacious Rays enter into the 
Eye of a Spectator 8, placed at a greater Diſtance, that the 
Colours may be more ſeparated, the Spectator will ſee that Co- 
lour, the Rays of which enter into the Eye; and he will perceive 
all the Colours ſuccefiively, by moving his Eye. 

But with Regard to thoſe Rays, which after a double Reflecti- 
on in Water emerge, they will be efficacious, if they be parallel 
after the firſt Reflection; for then FH, fh, are in the fame 
Manner inclined to H h, as B D, d to Bb; and therefore, ſup- 
poſing the incident Rays AB, 26 to be parallel, the emerging 
Rays HI, Hi will be parallel too, that is, efficacious®, 

Alſo in the ſecond Scholium following, we demonſtrate, how 
in that Caſe the Angle HP B, formed by the emerging and inci- 
dent Ray is determined, which Angle in that Caſe is the ſmalleſt 
of all fimilar ones, being different according to the different Re- 
trangibility of the Rays: Whence alſo in that Caſe, the efficacious 
Rays of different Colours, ſuppoſing the incident Rays parallel, are 
ſeparated after a double Reflection. 


EXPERIMENT 3. 

All Things. being ordered as in the laſt Experiment, the Situ- 
ation of the Glaſs that contains the Water is altered, ſo that the 
Rays which are efficacious after two Reflections in the Glaſs fall 
upon the Paper, or, when this is remov'd, upon the Eye. 

What has been hitherto explained, may be applied to the Rain- 
bow in order to produce which Phenomenon, it is required that 
Drops of Water be ſuſpended in the Air; that the Spectator be plac- 
ed with his Back towards the Sun, between it and the Drops, and 


that there be a dark Cloud behind the Drops, that the Colours may 


3592. 


* 3581.35 82. 
3583. 3584. 
3587. 3588. 
3589. 


3393: 


Plate 118. 
Fig. 4. 


be more ſenſible, for theſe are ſcarcely perceived, if vivid Light 
enters the Eye at the ſame Time. | 
Theſe Things being ſuppoſed, if we conceive all the Drops to 
be cut by Planes, paſſing through the Centers of the Drops, and 
the Sun, and the Eye of the Spectator : What has been demon- 
ſtrated * above, may be applied to each of theſe Sections. 
Here we ſpeak of Rays which go out of Air into Water. In 
red Rays, that is, ſuch as are the leaſt refrangible, the Ratio 
between the Sine of the Angle of Incidence and the Angle of 
Refraction, is as 108 to 81, or, which is the ſame, as 2 3; with 
which Numbers, if the Computation be made, the Angle APG 
will be 42 Degrees 2“, but if we ſpeak of violet Rays, the mo 
I O 
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the Sines is as 109 to 81; which Numbers give the fame Angle 
APG of 40 Deg. 17 Min. | 

If the Computation be made for the Angle A PT, and the Rays 3 594. 
be red, the Angle will be 5o Deg. and 57 Min. if the Rays be Pl. 119. 
violet, the ſame Angle is 54 Deg. 7 Min. as will be ſeen in the Fig. 3. 
Scholiums. 

Now let the Drops be ſuppoſed to be diſperſed through the Air, 
and enlightened by the Sun's Rays, which are parallel to one ano- pj 
ther, and to the Line OF, paſſing through the Eye of the Spec- 
tator ; let us conceive the Lines eO, EC, BO, 2 O, and let the 
Angles e OF be 4o Deg. 17 Min. E OF 42 Deg. 2 Min. BOF 
50 Deg. 57 Min. 60 F 54 Deg. 7 Min. the fame Lines form 
Angles with the incident Rays de, DE, AB, à b, reſpectively 
equal to the Angles aforementioned ; therefore, if the Drops be 
conceived at e, E, B, &, the efficacious violet Rays will enter the 
Eye, after one Reflection in the Drop e; and the red efficacious 
Rays come to the Eye from the Drop E; alſo after one Reflecti- 
on the other intermediate Colours are obſerved between e and E, 
in the Order beforementioned “. After two Reflections in the * 3 501, 
Drop, the efficacious red Rays come to the Eye from the Drop B, 3 596. 
and the violet efficacious ones from the Drop 5; between theſe 
Drops the intermediate Colours appear in the fame Manner as be- 
tween E and e, but they are diſpoſed in a contrary Order, and, 
by Reaſon of their double Reflection, are alſo weaker. 

Let us conceive a Line, as Oe, to revolve about a fixed Line 3597. 
OF, keeping the Angle eO F, and to form a Cone or Part of a 
conical Surface ; in every Situation the Line e O makes an Angle 
of 42 Deg. 17 Min. with the Sun's Rays, which are parallel to 
one another, and to the Line OF; / therefore the Drops be di/- 3 598. 
fuſed near Part of the Surface of this Cone, at the fame or 
different Diſtances the Eye will ſee the violet Bow : The fame may 
be faid of the other Colours; therefore, when the Drops are ſuſ- 
pended in the Air, a Spectator ſees a Bow, having the Breadth 
E tinged with homogeneous Colours aforementioned *, that are diſ- 
poſed in the ſame Order, as in the Experiments with the Priſms; 
becauſe the heterogeneous Rays are feparated as much in the 
Drops as in the Priſm“. * 2472.35%4. 

By the ſame Way of Reaſoning it is evident there will be a 3599- 
broader Bow encompaſſing the firſt, in which the ſame Colcurs will ap- 

Pear in a contrary Order and weaker, 


3595. 


120. 
Fig. 1. 


488. 


E x- 
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3600, 


3601. 
Plate 118. 
Fig. 1. 


3602. 
3603. 


4 H. 6. 


3604. 
23602. 
360g. 
* 22 El. 6. 
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EXPERIMENT 4. 


Hanging up a Piece of black Cloth, expoſed to the Sun Rays, 
let there be between this and the Sun, a Spectator beholding the 
Cloth, and let Water be diſperſed between the Cloth and the 
Spectator, that it may be reſolved into ſmali Drops, the Spectator 
w:ll ſee the Rainbow, at leaſt the inner one. 


SCHOLIU:M I. 
Computations concerning the firſt Rainbow. 


CUPPOSING what was explained in N. 3582, we muſt demon- 
ſtrate, how the Angle AP G is determined, which the incident Rays 
make with the efficacious returning Rays, the Ratio between the Sines 
of Incidence and Refraction being given. Let this Ratio be the ſame 
as is given between I and R; therefore, drawing C m perpendicular to 
2 D, and the Arch mn with the Center C, and Semi-diameter C. 
I, R:: CL, CM.: CI, Cm:: CLC ELI, CM—Cm=Myz. 
Draw Bo perpendicular to B L; as alſo Bp to B M]; and let bp be giv- 
en, which makes a right Angle with By; laſtly, let the Points B, C, 
and M, m be joined by Lines. 5 805 
The Triangles B bo, BCL, are equiangular, for they are right - an- 
gled, and the Angles o Bb and C BL, the Difference of each of which 
from a right Angle is o BC, are equal. 
In the fame Manner may be proved that the Triangles BMC and 
B bp are equiangular, and therefore ſimilar * ; the Triangle Msn right- 
angled at u, is alſo ſimilar to this; for the Sides M, Bp, perpendicular 
to the Line BD, are parallel; as alſo Mm and B &, becauſe the Lines 
BD, 4D, are biſected into equal Parts at M and ; therefore alſo B 
is double of M, and Bp double of M. Hence we deduce, 
BL, IC: : B., Bp. 
BC, BM: : B, Bp. 
therefore by Equality 
Bl, M:: Be BozaMx::l, R:: C, 2CM, 
by comparing theſe Proportions with that beforementioned “. 
As the Squares of proportional Quantities are proportional *, we have 
by Alternation, 
BL, CL:: BM, 4C MF. 
when we deduce by Converſion and Inverſion, 
B Li+C L=BC#?*, BL:: B MAC M= B Ci+3C My, BMB C- 
—C M?=BLi+L Ci—C Mz. 
By ſubſtracting the firſt and ſecond Term from the third and fourth, 
whereby the Proportion is not altered, we have Ac 
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BC?, BI7:: 3C M7, LC!—CM?:: 3R?f, F—R?; 3606. | 
for there is the ſame Ratio between CM and LC as between Rand I*. *: 3602, | 
But as the Ratio between Rand I is given, the Ratio between the Semi- 
diameter BC, and the Line B L is known, which is the Sine of the An- 
gle BC L, which Angle therefore is given; therefore the Arch BN is 
known, as alſo F H, for theſe are equal. 
As to red Rays, I is to R, as 4 to 3. Therefore, 360. | 
27, 7: : BC? (00,0002) B LF. | | | 
And we find BL=50916 ; which Number is the Sine of the Angle | 
30*. 37. Wherefore the Arches BN and FH are each equal to 617. 14. 
The Sine BL being given, the Sine BM of the Angle B CM is alſo 2603. | 
given; becauſe I (4) 12R (6): : BL (50916,) BM=76374=the Sine | | 
of the Angle 49*. 48“. therefore the Arch B D is determined, to which 3604. 
DF is equal, and each is 99*. 36. 
T CDP being drawn, the Arch B T is 80”. 24. and DN is 38“ 22. 3600. 
the Meaſure of the Angle B DT is half of the Arch B T“, alfo the 20, El. 3. 
the Meaſure of the Angle NBD is half of the Arch ND; the Angle ” 
TPB is equal to the Difference of the ſaid Angles *, and has for its * 32. El. 1 
Meaſure the half of the Difference between the Arches BT and DN, 
and this whole Difference of 809. 24 —38*. 22. 2427. 2', is the Meaſure 
of the whole Angle AP G, as has been ſaid above “. * 3593. 
When the Ratio between I and R varies, the Angle APG is alter'd ; 
which is different according to the different Refrangibility, as has been 
ſaid above “. | * 2:82; 
For the violet Rays I is to R, as 109 toB1; and if the Computation 3610. 
be made with theſe Numbers, the Arch BN is found to be 629. 39. 
and BD 101%. 11'. as alſo DN 38”. 32; laſtly, BT, 78*. 49. Therefore the 
Meaſure of the Angle APG, which is equal to the Difference between 
BT and DN, is 40*. 17'. as has been alſo obſerved above . T 3593- 
SCHOLIUM IL 
Computations concerning the ſecond Rainbow. 
E have ſeen that the Rays are efficacious, that return after two 3611. 


— — 2 — 
— 


Reflections in the Drop, if after the firſt they be parallel, as Plate 119. 

DF, df *; in this Caſe d D is the half of the Difference between the Fig. 

Arches DF and 4f, or DB and 45; but their Difference is B& minus * 3; 

Dad; if therefore this be ſubſtracted from that, there will remain the 
double of the Arch D/, the triple of which is therefore Bb. | 

The Rectangle made of DE and E B is equal to the Rectangle made 


I; 
87. 


of d E and Eb*, 9 3353. K 2, 
Therefore DE, E d: : OE, E BJ, 716. El. 6. 

and Bb being put ſo ſmall, that it may be taken for a right Line, the 

Triangles BEE, and D 4E will be ſimilar “. * 6 Ul. 6. 


Vor., II. Mm There 
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3612. Therefore D E i is to E h, or EB: : Da, Bb, that is, as 1 tog. 

I berefore MD is divided into two equal Parts at E; and ME sa 

third Part of EB, and m E a third Part of E b. 

367 Now if, as in Fig. 4, Pl. 118. che Triangles Bo, By and Mm n 

formed,” Mn will be a third Part of B, and By triple of Ma; 

. hy, now if, mutatis mutandis, we apply. to this Figure, what has been de- 
. 360% © e Concerning the ſaid Figure“, we have, 


* 3602 5 "Cp 1 R: 1 M: L Mz⸗ 


5 
8. 


of 


367% 75 BL, BM: LI B = 2 Mn: : $ 3R: CL, 3 CM. 
* 3608 Ft Whence by Reaſoning we deduce, as e 5 
* 360 Be: G TY "I 505 BLꝰ/: 8 R?, 

361; 55 Prom which P roportion, as was aid! Ye 14. pl. 118*, the Arch 
* 36086 5 * 9 to which H G is equal a ane becauſe in this Caſe, 


Ern | 

43 4 2 Le BM 165 3 

| 2 i "he A BD; is alſo {yoo to which, by reaſon that the Angles 
* 2276 e are equal to the Angles of Incidence ?, DF and FH are 


16. 3! From which being given, the Arches N DT, and B 7 are eaſily found, 
* 36099 the. Difference of which, as follows from Wei is demonſtrated above“, * 
e Meaſure of the Angle II PB, mad by the Ray going out with 
tie incident Ray; which Angle in this Caſe is the ſmalleſt of all ſimilar 
ones, and different according to the different Refrangibility of the Rays. 
2617. Let, as above, * I be to R, as 4 to 3, and we have 72. 7 BC, BL,, 
* 3607. whence we find BL to be the Sine of the Arch 18˙., 10 T, and the Arch 
BN to be 36%. 21. 
We allo have, 4, g:: BL, BM, and we find this laſt Line to be the 
Sine of the Arch 44 33. which if it be tripled, there will be given 
the Arch BDT 13 = 39. ſubſtracting the Arch B N, there remains N T, 
97% 18. ſubſtracting B D T from the two right ones, there is given B 7, 
465. 21. and the Meaſure of the Angle fought API=G PN is 977 
* 3:94. 18. > 46*. 21. = 509. 57..as above“. 
3618. Theſe Things relate to red Rays; as to the violet ones, I is to R, as 
109 to 81. If the Computation be made with theſe Numbers, BN is 
37.8. BDT 135*. 377. NT, 98. 29 2. BY 4. 22' 4. whence we 
* 9594. deduce the Angle fought API 542. 7'. as has been alſo ſaid above“. 


C HAP. XXV. 
Of the Colours of thin Plates. 


E proceed to. the Colours of natural Bodies ; and firſt of 
all we think it proper to examine their thin Plates. Who- 


ever has obſerved very thin Glaſs, or Bubbles of Water made 2 
0ap. 
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Chap. 25. of Natural Philoſophy. 


Soap, muſt have eaſily perceived various Colours in them, the rea- 


ſon of which is the wonderful Thinneſs of the Plates. 

For the Rays of Light, by Means of a thin tranſparent Plate, 
are ſeparated from one another ; and according to the different Thick- 
neſs of the Plate, the Rays of ſome Colours are tranſmitted, and thoſe 
of others 1 and the ſame very thin Plate is of one Colour, 
when ſeen by the tranſmitted Rays, and another when ſeen by reflect. 
ed ones. 


EXPERIMENT I. 
If two object Glaſſes A B and CD, of long Teleſcopes be laid 


267 


3620. 


3621 


upon one another, and be preſſed hard together, in the Middle, pl. 120. 
where the Glaſſes touch one another, you will ſee a tranſparent Spot Fig. 2. 


ſurrounded with colour d Circles. That this may be done regular- 
ly and conveniently, we put theſe upon three Feet p, p, p, and 
preſs together the Glaſſes with Screws, Plates being put between, 
that the ſaid Spot may be in the Center of the Glaſſes. One of the 
Feet is repreſented by itſelf at P, L is the Plate: If the Light re- 
flected by the Air, lying between the Glaſſes, comes to the Eye 
at O, there will appear a black Spot, and the Colours, which as 
you go from the Center, are ſo diſpoſed, that by Reaſon of the 
Repetition of Colours, they may be referred, to ſeveral Orders, 
which are as follow, black, blue, white, yellow, red; violet, blue, 
green, yellow, red; purple, blue, green, yellow, red; green, red; 
which Colours are alſo ſurrounded with other Colours, growing 
weaker and weaker the farther they are from the Center. 


EXPERIMENT 2. 


If the Light paſſes through the Glaſſcs, and the Plate of Air 
which is between into the Eyes, the Spot in the Middle, through 
which Rays of all Colours paſs, appears white, and in receding 
from the Center, the Colours, which alſo may be reter'd to diffe- 
rent Orders, oppoſite to the foregoing ones, appear according to 
this Series. 

White, yellowiſh, red, black, violet, blue ; white, yellow, red, 
violet, blue; green, yellow, red, bluiſh green; red, bluiſh green ; 
which are alſo encompaſſed with weaker Colours. | 

In theſe two Experiments, the Orders of the Colours are eaſily 
perceived, if the Glaſſes of Teleſcopes of only thirty Feet be made 
uſe of; but the Colours are not ſo eaſily diſtinguiſhed in their Or- 
ders, except there be Glaſſes of "Teleſcopes of 200 Feet or more; 
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but theſe being wanting, we may diſtinguiſh the ame Colours 
by another Method. 


EXPERIMENT 3. 


The right-angled Priſms abovemention'd *, are joined together, 
as was there faid, without putting Papers between, as in the Ex- 
periment N* 3570. The Surface of the Priſms are never ſo per- 
tectly plane, as to touch one another every where, when applied 
together ; there is only immediate Contact in one Place, and there 
the Spot appears black by reflected Rays. 

The Priſms muſt be ſo preſſed together by Screws, that the 
Spot may be placed in the Middle of the Surfaces applied toge- 
ther, and the Compreſſion may be very cloſe ; then the Spot is ſur- 
rounded by oblong Rings, in which the Colours are diſtinguiſhed, 
where the Rings are broader, which obtains at the Extremities of 
the Axes of the greater Rings. 

If we obſerve the Rings, Rays being tranſmitted, what was 
mentioned in the laſt Experiment but one *, is again diſcovered ; 
and the Colours are ſeparated more. 

Theſe Colours do not depend upon a peculiar Property of the 
Air; it 1s well known that very thin Plates of Glaſs or Water, 


are tinged with Colours: But we ſee diſtinctly theſe Colours in Wa- 
ter, by the following Method, 


EXPERIMENT 4. 


A thin Plate of Water is made, if the Water be made thick 
a little with Soap, and be blown up into a Bubble through a Pipe. 
A Glaſs Plate is applied to a black Plane, and the Bubble 1s 
put upon that, in ſuch Manner, that it makes the Figure of an 
Hemiſphere. This Bubble is covered by a ſmall Glaſs Bell, which 
is very tranſparent, leſt by the Agitation of the Air, the Colours, 
which are obſerved in this Bubble, be confuſed by the Motion of 
the Water; ſuch a Bubble is thinneſt at Top, becauſe the Water 
continually flows down towards all the Parts, and the Thickneſs 
is increaſed continually as you deſcend, and the Thickneſs of the 
whole from the fame Cauſe, is every Moment diminiſhed. Be- 
fore the Bubble is broke, it is ſo thin in the upper Part,. that 
it tranſmits all the Light, and appears black: If in this Caſe, 
the Bubble be obſerv'd by reflected Rays, whilſt it is illuminated 
by a white Sky, and the extraneous Light is intercepted by any 
black Body, plac'd beyond the Bubble; the faid black Spot is _— 

rounde 
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rounded by the fame colour'd Rings, and diſpoſed in the ſame. 


Order, as thoſe obſerved in the black Spot, 1n the firſt Experiment 
As the Water deſcends, the colour'd Rings are continually dilated 
till the Bubble is broke. Care muſt alſo be taken, that extraneous 
Objects do not appear in the Bubble itſelf, as in a Mirror; for by 
theſe, the Rings are in a Manner interrupted. 


EXPERIMENT 5. 


If, when the Extremity of the Bubble appears by reflected Rays, 
a Spectator beholds it by tranſmitted Rays, it will be blue; and 
in general, the Colours by tranſmitted and reflected Rays, are in 
the fame Manner oppoſite to the Colours of the foregoing Ex- 
periment, as the Colours are oppoſite in the two firſt Experi- 
ments. 

From theſe Experiments compared, it follows that by increaſing 
the Thickneſs of a very thin Plate, it's Colour is alter d, and indeed 
that there are ſucceſſruely the ſame Alterations in the ſame Order, 
whether the Medium of which it is made, has a greater or leſs refract- 
ing Force; for in a Plate of Air between the Glaſſes, and a Plate 
of Water in the Bubble, the Thickneſſes of which increaſe, in 
receding from the Middle Point, the Colours are placed in the 
_ fame Order. | 

Yet in a more refracting Plate, a leſs Thickneſs is required, than 
5 a leſs refracting one, that they may be tinged with the ſame 

olour. 


EXPERIMENT 6. 


The ſame Things being given, which were mentioned in the 
firſt and third Experiments of this Chapter ; if a ſmall Quantity 
of Water be put between the Margins of the Glaſſes on one Side, 
by little and little it penetrates between them; and in the Water 
there are no other Colours obſerved than in the Air, neither 1s 
the Order of them altered, but the Circles are contracted: When 
the Water has come to the Center, all the Portions of the Circles 
in the Water, are ſeparated from the Portions of the Air, and re- 
duced into a leſs Space. : 

The Colour f a Plate depends upon it's Thickneſs and refracting 
Force, not upon the Medium ſurrounding it. 
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ſurrounded with Water, inſtead of Air, the Colour of the ſame 
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EXPERIMENT 7. 


If a Plate of thin Glaſs, be fo thin as to appear coloured, the 
Colours are not altered, if it be made wet; that is, if the Plate be 


Plate is ſo much the more vivid, as it's Denſity differs more from the 
Denſity of the circumambient Medium. 

This 1s proved by Experiments already explained ; for the Co- 
lours of a Plate made wet are more faint, than of the ſame Plate 
ſurrounded with Air. The Colours in the Plate of Water are al- 
ſo leſs vivid, which is ſurrounded with Glaſs, than that which is 
ſurrounded -with Air; but Water and Glaſs differ leſs in the re- 
fracting Force, than Air and Water. 

If Mediums equally differ in their refracting Force, the Colours 
will be more vivid, if the more refractiug Medium be encompaſſed 


with the leſs refracting one, for in a very thin Glaſs Plate, which is th; 
tinged with Colours, becauſe of it's 'Thinneſs encompaſſed with ho 
Air, the Colours will be more vivid, than in the Experiment “, ab 
in which the Plate of Air is ſurrounded with Glaſs. 1. 

A Plate of the ſame Matter, encompaſſed with the ſame Medium, er 
reflects ſo much the more Light as it is tbinner; yet if the Thickneſs of 
be too much leſſened, it does not reflect the Light. Theſe Things are the 
evident from the foregoing Experiments, in which, the lefler co- nel 
loured Circles, which are the thinneſt too, reflect the Light the beſt Gl 
of any; but in the Center, where the Plate is the thinneſt of all, of 
there is no ſenſible Reflection; as clearly appears in the fourth Ex- bel 
periment. In the three firſt, there is alſo a very thin Plate of VIC 
Air, which does not reflect the Light, for the tranſparent Spot is ine 
bigger than thoſe Parts of the Surfaces of the Glaſſes, which im- dif 
mediately touch, by the yielding of the compreſſed Parts inwards. bu 

If there are Plates of the ſame Medium, whoſe Thickneſſes are in 
an arithmetical Progreſſion of the natural Numbers, 1, 2, 3, 4, 5, 6, 7, =: 
&c. If the thinneſt of them all reflefis any homogeneous Rays, the cle 
ſecond will tranſmit the ſame, the third will reflect them again, au of 
the Rays will be alternately reflected and tranſmitted; that is, the the 
Plates, whoſe Thickneſſes anſwer to the odd Numbers, 1, 3, 5, 7» . 
&c. of the arithmetical Progreſſion aforeſaid, reflect the Rays, Mi 
which the others tranſmit, whoſe Thickneſſes anſwer to the even Sq 
Numbers, 2, 4, 6, 8, &c. but 

This Property of the Plates, obtains in reſpect of any Sort ot rg 


homogeneous Rays, with this Difference, that there are 1 "Tir 
I Thick- 
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Thickneſſes required for different Colours, as has been alread 

faid, *; the leaſt of all is for the Reflection of the violet Colour, 
and the Thickneſs for reflecting the red is greateſt ; if the Thick- 
neſſes ate intermediate, the Rays of an intermediate Refrangibili- 
ty are reflected, that is, as the Refrangibility of the Ray increaſes, 
the Thickneſs of the Plate which refle&ts it is lefened. © 


EXPERIMENT 8. 


This Experiment is made in a dark Place, to produce the oblong 
Images of the Sun ſo often mentioned, upon a Paper *. Let there 
be, as in N. 3621, two object Glaſſes ot long Teleſcopes, preſſed 
together, but gently that the Parts may not yield inwards, and the Eye 
ſo diſpoſed, that the Rays proceeding from the Image may enter into 
the Eye, reflected ſomewhat obliquely by the Glaſſes, that the Eye 
may ſee all the Colours of the ſaid Image ſucceſſively, as in a Mirror; 
that is, that the Glaſſes may be ſucceſiively enlightened by different 
homogeneous Rays; which may be done by gently moving the Priſm 
aboutit's Axis, by which the Rays are ſeparated in the oblong Image. 
The Rings mentioned in the firſt Experiment appear, but in great- 
er Number, and only of one Colour, becauſe of the Immutability 


of the Colour in the homogeneous Rays *, in the Interſtices of 


thoſe Rings the Rays are tranſmitted, as appears from the Black- 
neſs; it is alſo immediately demonſtrated, if the Rays fall upon the 
Glaſſes themſelves; for thoſe, which paſs through the Separations 
of the Rings, give Circles of the ſame Colour on Paper, placed 
behind the Glaſſes; the Rings are the leaſt of all, when they are 
violet, then they are ſucceſſively dilated, conſidering the follow- 
ing Colours, quite to the red. Theſe Things are demonſtrated 
diſtinctly with the Priſms *, but the Glaſſes muſt be ſpherical, and 
but a little convex, that what follows may appear. 

If when the Rings are of any Colour, the Glaſſes and the Eye 
remaining fixed, you meaſure exactly the Diameters of the Cir- 
cles, that may be conceived to be in the Middle of the Breadth 
of the Rings, the Squares of the Diameters will be to one ano- 
ther, as the odd Numbers 1, 3, 5, &c. And in the fame Manner 
if the Diameters of the Circles be meaſured, which are in the 
Middle of every one of the Interſtices between the Rings, the 
Squares of their Diameters will be as the even Numbers 2, 4, 0, &c. 
but in Glaſſes that are ſpherical, the Squares of the Diameters are as 
the Thickneſs of the Plate of Air, in the aforeſaid Circle, that is, 


theſe Thickneſſes are as the even and odd Numbers. D 
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DEFINITION 


An homogeneous Colour in a Plate of any Medium, is ſaid to 
be of the firſt Order, if the Plate be the thinneſt of all thoſe that 
reflect that Colour; in a Plate, whoſe Thickneſs is triple, it is ſaid to 
be of the ſecond Order, &c. 

A Colour of the firſt Order is the moſt vivid of any, and ſucceſſive 
ly in the following Orders, in the ſecond, third, Cc. it is leſs and leſs 
vivid *. 

When a Plate of Air is enlightened with heterogeneous Rays, 
as that between the Glaſſes of the Teleſcopes, or any Plate like 
it, of any other Matter, as N. 3629, ſeveral of the Rings ſeen in 
the Experiment N. 3645, are contuſed, and that Colour is ſeen, 
which 1s made of their Mixture ; for the ſame Thickneſs of a Plate 
is often required for refletting different Colours of different Orders: 
Thus a Plate which reflects the violet of the third Order, does 
alſo reflect the red of the ſecond Order, as may be gathered from 
the laſt Experiment, if it be attentively conſidered : And therefore, 
in N. 3622. 3629. the third violet Ring is confounded with the 
outward Edge of the ſecond red Ring, and a purple Colour is 
produced; yet all the red of the ſecond Order is not abſorbed, 
becauſe the red Ring is wider than the violet Ring. 

The more the Thickneſs of a Plate is encreaſed, the more Colours 
it reflects, and various ones too, of different Orders. The violet 
Plate of the tenth Order, agrees with the blue one of the ninth, 
and the yellow one of the eighth Order, and laſtly, with the red 
one of the ſeventh Order, and the Colour of the Plate conſiſts 
of the Mixture of theſe Colours. 

Fin the firſt and fourth Experiments of this Chapter, a Spectator 
looks obliquely upon the Plates, ſuch as that made of Air, and that made 
of Water, the Rings will be dilated, as they are ſeen more ob- 
liquely, that is, in this Motion of the Eye, the Colour of the Plate 
is changed in a determinate Place; yet the Dilatation is greater in 
N. 3621, which proves that the Colour is more changed by the Ob- 
liquity of the Rays, if the Plate be encompaſſed with a more refradt- 
ing Medium, than if it is encompaſſed by a leſs refracting one. 

The Demonſtration of which Propofition is eaſily deduced from 
the Laws of Refraction. Let L and / be thin Plates; the laſt 
encompaſſed with a more refracting Medium, and the firſt with 
a leſs refracting Medium, and let them both be of the ſame Thick- 
neſs: If the Rays AB, ab, equally inclined to the Plates, fall 

I upon 
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upon them, there will be a Refraction at L, towards the Perpen- 
dicular *, on the contrary at / the Ray is refracted from the 2737-2840. 
Perpendicular +; and though BD and þb are equal, bc is longer :-83.2345. 
than BC ; and therefore there is a greater Change in the Motion 
of the Light in the Plate / than in L. 

The refrafting Force of the Plate L being increaſed, the Iefs refraft- 6 
ing Medium with which it 1s encompaſſed remaining, there will be STE? 
a leſs Difference between BC and BD, and ſo a leſs Change of C. 3656. 
lours ; and if the refracting Power of the Plate be augmented, ſo 
that the refracted Rays, whatever be the Obliquity of the incident 
ones, ſhall not ſenſibly Differ, there will be no ſenſible Difference 
in the Colour of the Plate, whatever Situation the Eye ts placed in. 

From hence we deduce, that he Colour of ſome Plates will vary 36 55 
upon changing the Pofition of the Eye, and that the Colour of others & 


is permanent. 


CHAP. . 
Of the Colours of natural Bodies. 


HAT regards the Colours of all Sorts of Budies, may ea- 
ſily be deduced, from what has been already explained. 

The reflected Rays are to be firſt examined, and the Make of 
the Surfaces muſt be inquired into. 

We have ſhewn that the Rays of Light have Colours peculiar 
to themſelves, and unchangeable, ſo as not to be changed by 
Reflection F. * 3637. 

Therefore the Rays reflected from Bodies, have à greater or leſs 3659. 
Refrangibility, according as a greater or leſs Refrangibility is pro- 
per to the Colour of the Body itſel}. 


3658. 


EXPERIMENT I. 


Let two ſquare Pieces of Ribbon, or Cloth, the one red, and the 3660. 
other blue, be nxed in the Middle of a black Paper, and ſo join'd | 
as to touch one another at their Sides. Place the Paper ſo, as that | 
the Ribbons may be well enlightened by the Light which comes 
through a Window into a Room; if a Spectator looks at the Rib- 
bons through a Priſm, the Colours will appear ſeparated. But the Pl. 12, 
Experiment anſwers better if it be made as the ſecond Experi- Fig. 1. 
ment of the twenty ſecond Chapter; then the ſaid Pieces of Rib- 

Vor. II. ; Nn bon, 
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* 3545. 
* 3543. 


3661. 
Plate 121. 


Fig. 2. 
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bon, or Cloth, are applied to the Ruler LL; alſo the painted Spots 
of the ſaid Colours, if theſe be intenſe may be made uſe of: 
They are illuſtrated with Light reflected from a Mirror, the other 


Things were ſhewn in the ſaid Experiment *, and the Succeſs is 
the ſame . | 


EXPERIMENT .2, 


This Experiment is made in the ſame Manner as the third Ex- 
periment of the twenty ſecond Chapter ; but inſtead of the black 
Lines, we make uſe of a black filken Thread, which we wind 
about the Ruler LL in ſuch Manner, that the black Lines may tru- 
ly paſs through the coloured Surfaces, which are illuminated with 
Light reflected from the Mirror, inſtead of the coloured Image, 
which is made uſe of in the ſame Experiment. The Spots are 
repreſented upon a Paper t, as in the faid Experiment; alſo, as 
there, the white Paper muſt be placed at a. leſs Diſtance, that 
we may have an exact Repreſentation-of the blue Spot: We ea- 


ſily diſcover when the Repreſentatians are exact, for the Threads 


3662. 


appear diſtinct. _— 
+ That Bodies have various Colowrs, becauſe different Rays are 
reflected from Bodies of different Colours, and that a Body ap- 


aue ef that Colour which ariſes from the Mixture of the reflett- 
e Rays, is not only deduced. from the foregoing Experiments, 
but may alſo be demonſtrated directly by the iſt Experiment, 


Chap. 22. From whence it follows, that natural Bodies reflect 
Rays of all Colours, but ſome in a greater Plenty; and theſe on- 
ly are ſenſible, when Bodies are enlightened with heterogeneous 


Light *. The Rays which are not reflected from a Body, pene- 
trate into it, and there ſuffer innumerable Reflections and Refrac- 


tions, till at laſt they unite themſelves to the Particles of the Body 


. irſelt; therefore a Body grows hot ſo much the ſooner, as it reflects 
. Light in a kſs Quantity; therefore a white Body, which reflects 


almoſt all the Rays with which it is'enlightened*, heats the /loweft, 


.  whilt a black Body, into which almoſt all the Rays penetrate, be- 
.., cauſe only a few are reflected +, acquires Heat ſooner than any 


In Order to determine the Conſtitution of the Surfaces of Bo- 


dies, upon which their Colour depends, we muſt conſider the 


ſmalleſt Particles of which thoſe Surfaces are formed; theſe Par- 


+ ticles are tranſparent*,and are ſeparated by a Medium of a different 
refracting Force, from the Particles themſelyes *; they are alſo thin, 
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otherwiſe the Surface would as it were be covered with a tranC- 
parent Body *, and the Colour would depend upon the Particles 
underneath theſe : Therefore there are innumerable ſmall thin 
Plates in the Surface of every colour'd Body; but by leſſening the 
Plate, when the ſame Thickneſs is preſerved, it's Properiies with 
regard to the Reflection of Light are not alter'd ; for the ſmalleſt 
Plate is very large in reſpect to the Rays of Light; therefore 
what has been demonſtrated in the laſt Chapter may be applied 
to theſe Plates, in the Surfaces of Bodies, from whence we deduce 
the following Concluſions. 

The Colour of a ＋ depends upon the Thickneſs and refracting 
Force of the Parts of the Body, which are in the Surface between the 
Pores of the Body X. 

The Colour is ſo much the more vivid and homogeneous, as the Parts 
are thinner*, 

Cæteris paribus, the aforeſaid Parts are of the greateſt Thickneſs 
when the Body is red; and of the leaſt when it is violet *. 

The Parts of Bodies are of a much greater refracting Force, than 
the Medium contained in their Interſtices*. 

This refracting Force is leſs in the Tails of Peacocks, and gene- 
rally in all Bodies whoſe Colour differs according to the different Si- 
— 

The Colour of a Body 1s more obſcure and dark, when a more re- 
fracting Medium enters it's Pores x, for then the Parts, upon which 
the Colour depends, are encompaſſed by a more refracting Medi- 
um than before, 

This is found by Experience, in all Bodies which are thorough- 
ly penetrated by Water or Oil ; when the Bodies are dry they re- 
cover their former Colour, unleſs in ſome Caſes, in which ſome 
Parts are carried away, by the Action of the Water or Oil, or 
when ſome Parts of the Water or Oil are ſo united with the Parts 
of the Body, as to change the Thickneſs of the Plates. 

From ſuch a Cauſe are deduced the Changes in the Colours of 
ſome Liquors, upon mixing them with others; the ſaline Parti- 
cles feimming in one Liquid, often unite themſelves to the ſaline Par- 
ticles fwimming in one another ; or from the Action of the ſuper- 
venient Particles, the Particles joined together are ſeparated ; by all 
which the Thickneſs of the Particles, and with that the Colour of 
the Liquid is changed“. 

The Colour of a Liquid is jometimes different, if it be ſeen by reflect- 
ed Rays, from what it is when ſeen by tranſmitted ones: We have 
ſhewn before how this happens“. Nn 2 Ex- 
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3449. 
3667. 


* 


3668. 


3669. 


* 


3634 
3070 
8 5648.365 1. 
3071. 
* 3043- 
3072, 
305 3.365 5. 
3656. 
3673. 
365 2.365 5. 


3674. 
* 3656. 


3675. 


3676. 


9 3631. 
3077. 


3622.3624. 
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k | EXPERIMENT z. 
3678. An Infuſion of Lignum Nephriticum, not too much tinged, ap- 


pears blue by reflected Rays, but yellow when the Vial containing 
it is between the Eye and the Light, 


EXPERIMENT 4 
3679. If Spirit of Vinegar be poured into the Infuſion of Lignum Ne- 


phriticum, it appears yellow whereſoever it be ſeen. 

3680, In that caſe the Thickneſs of the Particles is changed, and the Rays 
that were tranſmitted through each of the Particles are intercepted ; 
but though the Liquor is placed between the Eye and the Light, it 
is ſeen by reflected Rays; for we may eaſily conceive that ſuch Rays 
come to the Eye from the various Reflections which the Light ſuf- 
ters in the Liquid. But this Colour only is ſenſible, becauſe the Rays 
cannot penetrate directly through the Liquid. 

2681, From this we may deduce the Reaſon why à coloured Liquid, in 
a Glaſs of the Figure of an inverted Cone, when it is placed between 
the Eye and the Light, appears of a different Colour in different Parts 
of the Veſſel ; in the lower Part all the Rays which are tranſmitted 
through the Particles are not intercepted ; then they are more and 
more intercepted, according as there is a greater Quantity of the 
Liquid between the Eye and the Light; at laſt they come to be all 
intercepted, and only thoſe which are reflected by the Particles do 
penetrate into the Liquid ; in which Caſe the Colour coincides with 
the Colour of the Liquid ſeen by the reflected Rays. 

3682, Oftentimes the Clouds appear with very beautiful Colours. They 
conſiſt of aqueous Particles, between which Air is interſperſed ; con- 
ſequently a Cloud will be of a different Colour, according to the va- 

* 3631. riwus Thickneſs of thefe aqueous Particles &. 


The End of the Fir Ta Book. 
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NATURAL PHILOSOPHY | 


CONFIRM'D BY | 


EEPERIMENTS. ll 


. | 
PART I. Of the Syſtem of the World. l 


CHAP. I. 
A general Idea of the Planetary Syſtem. | 
| 


E, who attentively conſiders that Space can be terminated 4682 

by no Bounds *, will ſcarce be able to deny, that the ſu- * 27. 
preme Almighty Intelligence has every where manifeſted the ſame | 
Wiſdom, which he has ſhewn to the Inhabitants of the Earth in | 
ö 


a ſmall Compaſs. What I here call a ſmall Compaſs immenſe- 
ly exceeds our Comprehenſion ; yet it is but ſmall, compared with | 
infinite Space. 1 
Our Earth, with ſixteen other Bodies (for we have no Knowledge 3684. N 
of any more) moves in a determinate Space ; neither do theſe Bo- 
dies recede from, or come nearer to one another, beyond their 
pry Bounds ; and their Motions are performed according to unchange= 40685. 
able Laws, 


DegF1- 
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3690. 


3691. 


3692. 
3693. 


3694. 
3695. 
3696. 


* 625. 
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DEFINITION I. 
This Collection of ſeventeen Bodies is called the Planetary Syſtem, The 


whole Art of Aſtronomy is almoſt employed concerning theſe 


alone; and theſe will be chiefly my Subject in this Book: The 
other Bodies that conſtitute the Univerſe are too far diſtant from 
us for their Motions (if they are mov'd) to fall under our Obſer- 
vations : Of theſe only the lucid Bodies can be perceived by us; 
and of theſe only the moſt remarkable ones, and which are leſs 


diſtant from us than the reſt, even moſt of ſuch as are ſeen by the 
Teleſcope, are inviſible to the Eye. 


DEFINITION 2. 


All theſe Bodies are called fixed Stars. 
They are called fixed, becauſe, as far as can be perceived, 


they keep the ſame Poſition, with reſpe& to one another: We 


muſt take Notice of ſomething peculiar concerning theſe hereafter. 

But as to the planetary Syſtem : In this we have ſaid there are 
ſeventeen Bodies, which are all ſpherical: One only ſhines by it's 
own Light, the reſt are opaque, and are viſible only by the Light which 
they borrow from that, 

The Sun is that lucid Body, and far the greateſt of all in the pla- 
netary Syſtem ; it is quieſcent in the Middle of it, at leaſt is agitated 
by a very ſmall Motion. 


DEFINITION 3. 

The other fixteen are called Planets. 

Theſe are divided into two Claſſes ; ſix are called the primary Pla- 
nets ; ten are called the ſecondary Planets. When we ſpeak of the 
Planets, without any Diſtinction, we always underſtand the pri- 
mary ones. 

The primary Planets move round the Sun, and are carried at dif- 
ferent Diſtances from it, in Curves that return into themſelves. 


A ſecondary Planet revolves round a primary one, and accompa- 
nies it in it's Motion round the Sun. 

The Planets in their Metions deſcribe elliptic Lines *, not much 
different from Circles. And all thoſe Lines are fixed, at leaſt, there 
is but a ſmall Change to be obſerved in a long Time, in their Si- 
tuation. 


The Orbits of all the primary Planets are in ſuch a Poſition that one 


Plate 126, of their Fect falls in with the Center of the Sun; let the Ellipſe 


Fig. 3. 


AB 
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AB ab repreſent the Orbit of a Planet, F will be the Center of 
the Sun. | 


DEFINITION 4. 


The Diſtance between the Center of the Sun, and the Center of 
the Orbit, is called the Excentricity of the Planet; as FC. 

In every Revolution the Planet approaches once to the Sun, and 3699. 
once recedes from it ; and it's greateſt Diſtance is at a, the Ex- 
tremity of the greater Axis of the Orbit, and it's leaſt Diſtance 
in the oppoſite Extremity A. 


DEFINITION ;. 


That Diſtance of the Planet from the Sun is called the mean Diſtance, 3700. 
which is equally different from the greateſt and the leaſt. 

At this Diſtance the Planet is in the Extremities B, à, of the 3701, 
{ſmaller Axis. 


DEFINITION 6. 


The Point of the Orbit, in which the Planet is at it's greateſt Di- 93708. 
Pance from the Sun, is called the Aphelium ; as a. 


DEFINITION 7. 


The Point of the Orbit, in which the Planet is at it's leaſt Di- 5703; 
Rance from the Sun, is called the Perihelium ; as 9. | 


DEFINITION 8. 
Theſe Points are commonly called the Auges or Apſides. 3704. 


DEFINITION 9. 
The Line which joins the Apfides, that is, the greater Axis of 470g, 
the Orbit, is called tbe Line of the Apfides. £ 


: Every Orbit is in a Plane, which paſſes through the Center of 3706. 
the Sun. 


DEFNINITION 10. | 
1 The Plane of the Orbit of the Earth is called the Plane of the 4707, 
cliptic. | 
This Plane is to be continued every Way; and 4/tronomers con- 3708. 


lider the Poſition of the Planes of the other Orbits, with reſpect 
to this, | 


DEFI- 
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3716. 


3717. 
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DEFINITION II. 


The Points, in which the other Orbits cut the Plane of the Eclip- 
tic, are called the Nodes. 


DEFINITION 12: 


The Line which joins the Nodes of any Orbit, that is, the com- 
mon Section of the Plane of the Orbit, with the Plane of the 
Ecliptic, is called the Line of Nodes. 

A Planet 1s not carried with an equal Celerity in all the Points of 
it's Orbit; the leſs it is diſtant "he the Sun, the ſwifter is it's Motion; 
and the Times, in which the ſeveral Archs of it's Orbit are run 
through, are to one another, as the Area's formed by Lines drawn from 
the Planet to the Center of the Sun; the Archs AB and D are 
run through in Times, which are to one another, as the Area's 
of the mix'd Triangles AFB, DF d. 

All the Planets are carried the ſame Way, and their Motion in their 
Orbits is contrary to that Motion which we obſerve daily in all 
the cœleſtial Bodies, by which in one Day they ſeem to be carri- 
ed round the Earth; of which hereafter. 


DEFINITION 13. 


A Motion, ſuch as is that of the Planets in their Orbits, is ſaid 
to be in Conſequentia, and direct. 


DEFINITION 14. 
The contrary Motion is called a Motion in Antecedentia ; and 


ſometimes retrograde. 


The more diſtant the Planets are from the Sun, the flower they move 
in their Orbits; ſo that the periodical Times of the moſt diſtant 


ones are greater, both becauſe they have a greater Orbit to run 
through, and a ſlower Motion. 


DEFINITION 15. 


The Line which paſſes through the Center of the Planet, and about 
which it moves, 1s called the Axis of the Planet. 

The Planets, at leaſt moſt of them, and the Sun itſelf move round 
their Axes: There are two, of which, in this Reſpect, Aſtrono- 
mers have been able to make no Obſervations, but which, in all 


Probability, have this Motion. 
1 


Thi. 
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This Motion agrees or conſpires with the Motions of the Planets 
in their Orbits, that is, it is in Conſequentia. | 
The Axes themſelves are mov'd by a parallel Motion, fo that all 
the Points of the Axis of a Planet deſcribe equal and fimilar 


Lines. 


DEFINITION 16. 
The Extremities of the Axis are called the Poles of the Planet. 


ronomers compare together accurately enough the Diſtances of 
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3720. 
3727. 


3722. 
3723. 


the Planets from the Sun, to give us an Idea of the whole Syſtem ; Plate 12 2. 
the Dimenſions of the Orbits are repreſented in this Scheme, in Fig. x. 


which the Points N, N ſhew the Nodes of each Orbit. 

Nevertheleſs, we cannot compare the Dimenſions of the Syſtem with 
any Meajure that we know upon the Surface of the Barth; for no 
Aſtronomers will aſſert that the Obſervations made concerning 
ſuch a Compariſon are free from Error. 

But, that the ſeveral Parts of the Syſtem may be compared to- 
gether, we ſuppoſe the mean Diſtance of the Earth from the Sun 
divided into a thouſand equal Parts, which we make uſe of in mea- 
ſuring the other Diſtances. 

The Sun , as was ſaid before, is agitated by a ſmall Motion 
in the Middle of the Syſtem: it moves round it's Axis, in the 
Space of 25 Days and an half; and it's Axis 1s inclined to the 
Plane of the Ecliptic, making an Angle of 87 Deg. 30 Min. 

Mercury &, is the leaſt diſtant from the Sun of any of the 
Planets ; it's mean Diſtance from the Sun is 387, it's Excentricity 
80, the Inclination of it's Orbit, that is the Angle, formed by 
the Plane of it's Orbit with the Plane of the Ecliptic, is 6 Deg. 
52 Min. it performs it's Revolution round the Sun in 87 Days, 
23 Hours, 15. 38“. 

The next is Venus ꝙ, whoſe mean Diſtance from the Sun is 
723, it's Excentricity 5, the Inclination of it's Orbit 3 Deg. 23 
Min. It performs it's periodical Motion in 224 Days, 14 Hours, 49, 
20“, and it's Motion round it's Axis is performed in 24 Days, 
Hours. It's Axis makes an Angle with the Plane of the Ecliptic 
of 15 or 20 Deg. 

The third Planet in Order from the Sun is our Earth O; it's 
mean Diſtance from the Sun is 1000, it's Excentricity 16, 91, or 
17 nearly, it is moved in the Plane of the Ecliptic, it's periodical Time 
is 365 Days, 6 Hours, 59\, 14”. This exceeds the tropical Year 
29, 17 and the Motion about it's Axis is performed in 23 Hours, 
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56 Min. 4 Seconds ; it's Axis makes an Angle with the Plane of 
the Ecliptic of 66 Deg. 31 Min. 

The mean Diſtance of Mars d from the Sun is 1524, it's 
Excentricity 147, the Inclination of it's Orbit 1 Deg. 52 Min. it's 
periodical Time 686 Days, 22 Hours, 29“, it's Revolution about 
it's Axis is performed in 24 Hours, 40 Min. 

Jupiter I, the biggeſt of all the Planets is diſtant from the 
Sun, at a mean Diſtance 5201, it's Excentricity 2 50, the Incli- 
nation of it's Orbit 1 Deg. 20 Min. the periodical Time 4332 
Days, 12 Hours, 20. 9“. and it's Revolution about it's Axis S per- 
formed in 9 Hours, and 56 Min. 

The mean Diſtance of Saturn h, the moſt diſtant Planet from 
the Sun is 9538, it's Excentricity 547, the Inclination of it's Or- 
bit 2 Deg. 30 Min. the periodical Time 10759 Days, 6 Hours, 
360. It is encompaſſed with a Ring, which does not touch the 
Planet, but never leaves it: This Ring is not viſible without a 
Teleſcope. 

The mean Diſtance being given, if you add the Excentricity, 
you will have the greateſt Diſtance ; but if you ſubſtract the Excen- 
tricity from the mean Diſtance, you will have the leaſt Diſtance®, 

The three Planets, Mars, Jupiter and Saturn, which are more 
diſtant from the Sun than the Earth, are called the ſuperior Planets ; 


Venus and Mercury are called the inferior ones. 


Of the primary Planets, three are accompanied with ſecondary 
ones. 


Five Planets, called the Satellites, move about Saturn, four 
about Jupiter; one about the Earth (viz.) the Moon. 

The ſecondary Planets, except the Moon, are not viſible to the 
naked Eye. 

The Satellites, by Lines drawn to the Center of the primary Pla- 
nets, deſcribe Area's about them, proportional to the Times ; as has 
been ſaid of the primary Planets, with Reſpect to the Center of 
the Sunk. | 

The Moon moves about the Earth in an Ellipſe, one of whoſe Fo- 
ci is in the Center of the Earth, from which the mean Diſtance of 
the Moon is 60 Semidiameters of the Earth and an half: 1's Ex- 
centricity is liable to change ; the mean one is of three Semi-diamc- 
ters and a third. The Plane of it's Orbit forms an Angle with the 
Plane of the Ecliptic of 5 Degrees, but this Inclination 1s not con- 
tant, or always the ſame. ¶ In the Motion of the Moon round the 
Earth, neither the Line of the Nodes, nor the Line of the Apſides, 

1 \ * 


Chap. 1. of Natural Philoſophy. 283 


is carried in a parallel Motion; but the Line of the Nodes, Weſtward, 
or in Antecedentia ; the Lines of the Apfides Eaſtward, or in Con- 
ſequentia ; the firſt performs it's Revolution in about nine Years, 
the ſecond in 19. The periodical Time of the Moon's Motion 
about the Earth is 27 Days, and about 7 Hours, 43 Min. and it 
is turned about it's own Axis exactly in the ſame Time. 


The firſt or inmoſt of the Satellites of Jupiter is diſtant from 3744. 


Jupiter's Center 25 Diameters of Jupiter, it is moved round Ju- Plate 122. 


piter in one Day, 18 Hours, 27 Min. 34 Seconds. Fig. 2. 
The Diſtance of the ſecond is four and an half Diameters of 
Jupiter : It's periodical Time is 3 Days, 13 Hours, 13 42“. 
The Diſtance of the third is 75 Diameters; it's periodical Time 
7 Days, 3 Hours, 42, 36“. 
The fourth is diſtant 12 Diameters: It performs it's Motion 
16 Days, 16 Hours, 32“. 9. 


The firſt or inmoſt Satellite of Saturn is diſtant from Saturn's 3745. 


Center + of a Diameter of the Ring: It's periodical Time is one Plate 122. 


Day, 21 Hours, 187, 27“. | Fig. 3. 
The Diſtance of the ſecond 1: Diameter of the Ring: It's 
riodical Time is 2 Days, 17 Hours, 41“, 22“. 

The Diſtance of the third is 1 Diameter of the Ring: It's 

periodical Motion is 4 Days, 12 Hours, 25, 12“. 

The Diſtance of the fourth is 4 Diameters of the Ring ; it's 

periodical Time 15 Days, 22 Hours, 41, 14”. 

The Diſtance of the fifth is 12 Diameters of the Ring ; it's pe- 

riodical Time is 79 Days, 7 Hours, 48. 

Concerning the Motion of theſe, as alſo of the Satellites of 7u- 3746. 
piter about their Axis, we can hitherto determine nothing cer- 

tain from Aſtronomical Obſervations. 

If we take Notice of the Diſtances and periodical Times of 

the Planets, we ſhall find that the following Rule holds good in 

our Syſtem ; wherever ſeveral Bodies are moved round the fame 

Point, that is about the Sun, Saturn and Jupiter, (viz.) the Squares 


of the periodical Times are to one another, as the Cubes of the meen 37457. 


Diſtance from the Center. 

To give a Notion of the Dimenſions of the Bodies themſelves 
in our Syſtem, we have contrived the fourth Figure, in which all pj 
the primary Planets, and Saturn's Ring are deſcribed, according F. 
to their Dimenſions ; the Sun, whoſe Magnitude exceeds all the 
reſt, is repreſented by the greateſt Circle (Fig. 1.) that is, the Cir- 
cle which terminates the Figure. 
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Theſe Dimenſions repreſent the Proportions of the Bodies one 
to another exactly enough, if you except the Earth, which, for 
the Reaſon already mentioned *, cannot be ſo compared with the 
other Bodies, as to leave no room to doubt what Proportion it bears 
to them. | 

Yet the Earth's Diameter may be meaſured, and contains 3389940 
Perches, each of which is equal to 12 Rhyniand Feet; but although 
the Diameters of the other Planets may be compared together, and 
with the Sun's Diameter, yet it cannot. be determined how many 
Feet they contain, till after Obſervations ſhall be made at a proper 
Time hereafter. 

Of the Bodies that make up the planetary Syſtem, the Moos. 
only can be compared to the Earth, it's Diameter being to the Di- 
ameter of the Moon, as 73 to 20. 

The other ſecondary Planets are not meaſured by Aſtronomers, but 
it cannot be doubted, but that ſome of them are bigger than the 
Earth. | 

Beſides the Bodies already mentioned, there are others in the 
planetary Syſtem, which are viſible for a Time, as they come near 
the Sun, and then recede from it, and become inviſible; they are 
called Comets. They appear moſt commonly with Tails, and the Tail 


is always turned from the Sun; in their Motion they deſcribe Area's, 


by Lines drawn to the Center of the Sun, proportional to the Times, 
as has been faid of the Planets “. 

As to Comets, it is probable that they move in elliptic Orbits, that 
are very excentric ; ſo that they are inviſible, when they are in that 
Part of the Orbit which is moſt diſtant from the Sun; which is 
deduced from the Periods of ſome of them, that have been ob- 
ſerved to be pretty regular : And it is plain from Obſervations, that 
Jome have deſcribed in their Motion Portions of very excentric Ellip- 
ſes, in one of whoſe Foci was the Center of the Sun. 

The Notion, that we have hitherto given of the planetary Syſ- 
tem, is founded upon aftronomical Obſervations ; and what 
we have already ſaid admits of no Diſpute among Aſtronomers, if 
we except what relates to the Ebliptic Line and the Motion of the 
Earth. 

Some affirm, that the Orbits of the Planets are not Elliptic, but 
that in their Motion they deſcribe another oval: Kepler has deduced 
from Tycho Brahe's Obſervations, that theſe Lines are Elliptic ; 
and we ſhall ſhew. in the following Part, that no other Curves can 
be deſcribed by the Planets. 


Thoſe 
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Thoſe that ſay the Earth is at reſt, have no aſtronomical or phy- 
ſical Argument for a Foundation of their Opinion; that is, don't 
reaſon from Phenomena : Neglecting the Simplicity of the Syſtem, 
and the Analogy of the Motions, they aſſert that their Opinion is 
not contrary to Obſervations ; in which they err, as we ſhall ſhew 
in the following Part. 


CHAP: 
Concerning the apparent Motion. 


HOEVER after having read the former Chapter, looks 

upon the Heavens, will ſcarcely believe, that he beholds 

the Syſtem, which is explained there; and a more exact Conſide- 

ration of the heavenly Motions will increaſe his Doubt. No Won- 

der, ſince we can obſerve very little in the Heavens but falſe Ap- 
Pedrancès. 

The common Obſerver of the Heavens is a Spectator, who, think- 
ing himſelf to be at reſt, is carried about by various Motions, and 
beholds Bodies, concerning whoſe Diſtance and Magnitude he 
makes falſe Judgments. The true Syſtem of the World was un- 
known for many Ages, even to the moſt exact Obſervers of the 
Heavens. 

But we muſt explain how all Things, which are obſerved in 
the heavenly Bodies, have Place in the Syſtem that has been ex- 
plained in Reſpect of a Spectator upon the Earth; that is, we 
ſhall deduce the Appearances from the known Motions. Which 
cannot be done, unleſs we firſt lay down ſome general Things 
concerning the apparent Motion in general. 

It is certain, that we have no Art, by which we can diſcover 
the true Motion, only the relative Motion can be perceived by 


the Senſes *; and it is that only concerning which we treated in * 


the former Chapter : Who can reaſonably affirm or deny, that all 
the Bodies, which are known to us, are not carried in a common 
Motion through the immenſe Spaces ? 

The relative Motion is to be diſti: guiſbed from the apparent one 
for the apparent Motion is the Change which appears to be in the 
Situation of the Bodies, and depends upon the Change of the Pic- 


ture in the Bottom of the Eye; for * Objects have the ſame ap- * 


parent Relation to one another, as their Repreſentations have in 
the 
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* the Eye; for they are ſeen as they are painted in the Eye and the 
Change in that Picture, from the Motion of the Bodies, moſt 
commonly differs from the Change of the Relation between the 
Bodies themſelves ; as follows from the Formation of that Picture 

3766. The Heavens are nothing but an immenſe Space which cannot * 

* 2462. ſeen, and would appear black, * if innumerable Rays of Light 
flowing from the heavenly Bodies, did not continually penetrate 
our Atmoſphere. Moſt of them come to us from the Bodies in 
right Lines. Yet a great many ſuffer various Reflections in the 
Atmoſphere, and enlighten the whole Atmoſphere; which is the 
Reaſon that, in the Day, Bodies are enlightened, even without 
the Reflection of the Clouds, to which the Rays of the Sun can- 
not come directly. 

3767. Theſe Rays are heterogeneous and white ; for there are Bodies 
enlightened by theſe Rays which appear white : And theſe Bodies 
ſeen through Priſms, at the Extremities are tinged with Colours, 

* 3574. Which does not happen in an homogeneous Colour; * alſo a Cir- 
cle of white Paper of half an Inch Diameter, being put upon 
black Cloth, if it is enlightened by theſe Rays, it will appear ob- 

* 3501, long through the Priſm *: And the ſame Colours, which are ob- 
{ſerved in the Rays of the Sun, are ſeen here in the ſame Man- 
ner ; all which Things would not happen, if the Air, as many 
think, was a blue Liquid ; that is, through which only the Sun's 

| blue Rays, at leaſt moſtly ſuch, paſs. 

3708. When we look at the black Sky, the white Rays, beforementioned, 
enter our Eyes, whence the blue Colour of the Sky ariſes. Becauſe 
we are accuſtomed to ſee a Colour where there is a coloured Ob- 
jet, we alſo refer the Colour of the Heavens to an Object; but 

3769. fince this is ſeen equally towards all Parts, we conceive à Concave 
ſpherical or rather ſpheroidial Surface, in whoſe Center we are 
placed; wwe imagine this Surface to be opaque, and therefore diſtant 
from us beyond all viſible Bodies. 2 

3770. When a Body is between a Plane and the Eye, of whoſe Diſ⸗ 
tance we cannot judge, the Body appears to us to be applied to 
the Plane, whatſoever the Diſtance is between that and the Plane 
for there is no Reaſon why the Parts of the Plane, which are 

* 3076. painted at the Sides of the Image of the Body in the Eye *, ſhould 
not appear at the ſame Diſtance with the Body. 5 
3771. Thence alſo all the celeſtial Bodies (of which the leaſt diſtant 

from us, (viz.) the Moon) is yet ſo removed that we can gie 


* 3116. no Judgment of it's Diſtance à, are referred to that W 
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Sphere above-mentioned; and they all appear equally diſtant, and 


ſeem to move in the Surface of a concave Sphere. So the Moon ap- 


pears to be amongſt the fixed Stars, although it's Diſtance bears 
{carcely any ſenſible Proportion to the Diſtance of Saturn, and the 
Diſtance even of Saturn itſelf is nothing compared with the im- 
menſe Diſtance of the fixed Stars. It is no Wonder therefore, 
that the common People know nothing of the Magnitude of the 
celeſtial Bodies, and the Immenſity of the Heavens. 

We ſee from what has been faid how the Motion of any Body 
being given, and the Motion of the Earth being known, the ap- 


parent Motion may be determined, 


We have faid that a Sphere is imagined beyond the fixed Stars, 


in whoſe Center is the Spectator *, The Orbit of the Earth is ſo * 3769. 


ſmall, in Reſpect of the Diameter of this Sphere, that the Cen- 
ter of the Sphere 1s not ſenſibly changed by the Alteration of the 
Place of the Spectator, whilſt he is carried along with the Earth. 


Wherefore in all the Points of the Earth's Surface, and at any 3773. 


Time, the Inhabitants of the Earth imagine the ſame Sphere to which 
they refer the heavenly Bodies; and which hereafter we ſhall call 
the Sphere of the fixed Stars. 


Theſe Things being laid down, if we concezve a Line to be 3774. 


drawn through the Earth and a Body, which, being continued beyond 
the Body, cuts the aforeſaid Sphere; awe have a Point, to which the 
abovementioned Body is referred, and which is the apparent Place 
of that Body. 

Whilſt the Body, or the Earth, or both, are moved, this Line 


is moved alſo, and the apparent Motion is the Line which is deſcrib- 3775. 


ed amongſt the fixed Stars by the Extremity of the Line abovemen- 
tioned, which goes through the Earth and the Body, whoſe apparent 
Motion is obſerved. | 


Therefore the ſame Appearances ill fellow from the Earth's being 3776. 


moved out of it's Place, as if the Body had been moved, and the 
ſame alſo may be deduced from the Motion of both. 


But if the Body and the Earth be ſo moved, that the Line which 3777. 


paſſes through theſe Bodies be carried in a parallel Metion, the Body 
will ſeem to be at reſt amongſt the fixed Stars; becauſe in this Caſe 
the Space, gone through by the End of the Line amongſt the 
hxed Stars, cannot exceed the Space, gone through by the Earth ; 
but the Line that is equal to the whole Space which the Earth 


can go through, at ſo great a Diſtance. as the fixed Stars, is not ſen- 
lible to us. 


From 
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From the Motion of the Earth round it's Axis there is alſo produced 
an apparent Motion, which will be eafily deduced in it's proper 
Place fromthe Foundation laid down in this Chapter. | 

That the apparent Motion differs from the real, and is varied 
by the Motion of the Spectator, is what Sailors every Day obſerve, 


N 


Of the Phenomena or Appearances of the Sun, from 
the Motion of the Earth in it's Orbit. 


1 E T the Sun be at 8, and the Earth in it's Orbit at T; and 
let 75s, be the Sphere of the fized Stars; the apparent Place 
of the Sun will be at *. en the Earth is carried in it's Orbit 
from T to r, the Sun ſeems to move in Conſequentia, and to run 
through the Arch 1, which meaſures the Angle 7 S s equal to 
the Angle T Sr, fo that the Celerity of the apparent Motion of 
the Sun, depends upon the Celerity of the angular Motion of 
the Earth, with Reſpect to the Center of the Sun; which Mo- 
tion increaſes upon a double Account; on Account of the Diſ- 
tance from the Sun being leſſened and the Celerity of the Earth 
being increaſed: Both which Cauſes always concur *; wherefore 
the Inequality of the apparent Motion of the Sun is ſenſible. 

In a whole Revolution of the Earth, the Sun alſo ſeems to run 
through a whole Circle. 


DEFINITION I. 


This apparent Way of the Sun is called the Ecliptic Line. It is 
the Section of the Sphere of the fixed Stars with the Plane of 
the Ecliptic *, ſuppoſed to be continued to this Sphere. 

This Way is divided into 12 equal Parts, each of which con- 
tains 30 Deg. theſe Parts are called the Signs, and are diſtinguiſh- 
ed by theſe Names: Aries Y, Taurus 8, Gemini II, Cancer S, 
Leo U, Virgo MW, Libra A, Scorpius W, Sagittarius , Capri- 
corn W, Aquarius d, Piſces K. Whence theſe Parts have thei 
Names, we ſhall explain when we treat of the fixed Stars. 

The Sun is longer in going through the ſix firſt Signs than the fi 
laſt, and the Difference is nine Days. 

Although a Circle has neither Beginning nor End, yet when 


ſeveral Points muſt be determined in it, ſome Point muſt Roo 
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taken as the Beginning; this, in the Ecliptic Line, is the firſt 
Point of Aries; we ſhall ſhew how it may be determined here- 
after. It is not fixed to one Place amongſt the fixed Stars : There- 4786. 
fore the Orbits of the Planets, which alter ſo little, that they may 


be looked upon as unchangeable *, don't preſerve the ſame Situa- * 3696. 
tion, in Reſpect of this Point. 


DEFINITION 2. 
The Diſtance of the Sun from the firſt Point of Aries meaſured in 3787. 


conſequentia, is called the Sun's Longitude. 

The Longitudes of the other heavenly Bodies are meaſured after 3788. 
the ſame Manner in the Ecliptic; they are referred to that Line, by 
concetving a great Circle to paſs through the Body, and cut the E- 
cliptic perpendicularly ; for the Point in which the Ecliptic 1s cut 
by this Circle, determines the Longitude of the Body. 


DEFINITION 3. 


The Diſtance of a heavenly Body from the Ecliptic is called it's 378g. 
Latitude. It is meaſured by an Arc of a great Circle, perpendi- 
cular to the Ecliptic intercepted between the Body and the Ecliptic. 


DEFINITEON 4. 


If we imagine a Line to go through the Center of the Sphere of 3790. 
the fixed Stars, and perpendicular to the Ecliptic, the Points, in 
which this cuts the abovementioned Sphere, are called the Poles of the 
Ecliptic. 


DEFINITION 5. 


The Zodiac is a Zone which is imagined in the Heavens, which 3791. 
the "ciptic Line cuts into two equal Parts, and which, on either 
Side, is terminated by a Circle parallel to the Ecliptic Line, and 
eight Degrees diſtant from it. On Account of the ſmal} Inclina- 
tions of the Orbits of the Planets, and the Moon to tlie Plane of 
the Ecliptic, no Bodies of the Planetary Syſtem ever appear without 


the Zodiac. 3792, 


DEFINITION. 6. 


; Thoſe of them that have the ſame Longitude are ſaid to be, in 3793. 
nunction. 
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DEFINITION 7. 


Thoſe whoſe Longitudes differ 180 Degrees, are ſaid to be in 
Oppoſition 


GH AF. Iv. 


Of the Phenomena of the inferior Planets, arifing from 
the Earth's and their own Motions in their Orbits. 


E T S be the Sun, A VB » the Orbit of an inferior Planet; 
let T be the Earth in it's Orbit; and @ v Part of the Sphere 
of the fixed Stars; the apparent Place of the Sun v *. 

If from the Earth there be drawn to the Orbit of the Planet 
the Tangents T Aa, T Bb, it is evident, that the Planet in it's 
apparent Motion, is never removed farther from the Sun, than 
the diſtance v a, v; and that the Planet, as it were, accompanies 
it in it's apparent Motion round the Earth. 


DEFINITION I. 
The apparent Diſtance of the Planet from the Sun is called it's 


Elongation; 4 or v is the greateſt Elongation : This varies up- 
on two Accounts; (vis. ) becauſe the Earth and the Planet both 
revolve in eliptic Lines X. | 

The Planet performs it's Revolution ſooner than the Earth“; 
therefore, in it's Motion, it paſſes between the Earth and the Sun, and 
then moves beyond the Sun, in Reſpect of the Earth: So that it is in 
Conjunction with the Sun in two Manners, but never in Oppoſition. 

That we may have an Idea of the apparent Motion of the 
Planet, we muſt conceive the Lines T Bb, T Sv, TAs, to 
move along with the Earth; ſo that the Points A, V, B, and v, 
whilſt the Earth performs it's Revolution, may run through the 
Orbit of the Planet; but the Planet which moves ſwifter, paſſes 
ſucceſſively through theſe Points over and over. 

When it is carried in it's Orbit from V to D, it ſeems to move 
amongſt fixed Stars from v to 4 : In this Caſe, the apparent Mo- 
tion is in Antecedentia, and the Planet is retrograde, In D it is 
ſaid to be ſlationary becauſe it appears, for ſome Time, in the ſame 
Place among ſt the fixed Stars. 


This obtains, when the Orbit of the Planet, in the Fe i 
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which the Planet is, is ſo inclin'd to the Orbit of the Earth, in the 
place in which the Earth is, that if the Line ? d be drawn parallel to 
the Line T D, and at a ſmall Diſtance from it, D 4 be to Tt as the 
Celerity of the Planct in it's Orbit, to the Celerity of the Earth; theſe 
Lines are run through in the ſame Time *; and the Line, which is * x Ig. 
drawn through the Earth and the Planet, is carried in a parallel Moti- 
on; for which Reaſon the apparent Place of the Planet is not changed®, * 377 
Between d and B, the Orbit of the Planet is more inclined to 380 
the Orbit of the Earth: wherefore the Extremity of the Line Fe 
paſſing through the Earth and the Planet (although the Planet 
moves ſwifter than the Earth) is carried in Conſequentia ; towards 3805. 
dich Part alſo the apparent Motion of the Planet is diretted*, Vet“ 3775. 
ſince the apparent Motion of the Sun exceeds the apparent Mo- 
tion of the Planet, the Elongation is increaſed, which becomes 
greateſt, when the Planct is at B. Whilſt the Planet goes through 
the Arc Bu, it's apparent Motion is alſo in Conſequen!/ia, and ex- 
ceeds che apparent Motion of the Sun to which it is coming, and 
then goes beyond it, receding from it, till it comes to A. Between 
A and E the Motion in conſequentia is continued; but the Sun, 
whoſe apparent Motion in this Caſe is ſwifter, as has been explain- 
ed concerning the Arc 4 B, comes towards the Planet, and the 
Elongation is diminiſhed. At E, in the ſame Manner as at D, 7he 
Planet is ſtationary, between E and V it is again retrograde. 3806. 
The Orbit of the Planet is inclined to the Plane of the Eclip- 
tic *; therefore it does not ſeem to move in the Echptic Line, but * 37506. 
ſometimes leſs, ſometimes more diſtant from it, and appears to be 3708. 
carried in an irregular Curve, which ſometimes cuts the Ecliptic. 
Let N V N be the Orbit of the Planet, whoſe Nodes are NN; 3807. 
let S be the Sun; T? the Orbit of the Earth in the Plane Eclip- Pl. 123. 
tic; the Earth T; che Planet V. If VA be imagined to paſs Fig. 3. 
through the Planet, and to be perpendicular to the Plane of the 
Ecliptic, the Angle V T A, or rather the Arc which meaſures it, 
is the Latitude of the Planet *: This is called the Geocentric La- 3789. 
 titude, to diſtinguiſh it from the Latitude of the Planet ſeen from 
the. Sun, which is called the Heliocentric Latitude, and is in that 
Caſe the Angle VS A; here we ſpeak of the Geocentric Latitude, 
woe we examine the Phænomena as they appear from the 
arth. | 
When a Planet is in the Node, it appears in the Ecliptic Line; 3808. 
and the Curve, which is deſcribed by the Planet, by it's apparent 
Motion in the Zodiac, cuts the Ecliptic Line; as the Planet recedes 
P p 2 from 
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3809. from the Node, it's Latitude is increaſed, which is alſo different, ac- 


3810. 


3811. 
Plate 123. 


Fig. 4. 


coraing to the Situation of the Earth ; ſo the Planet remaining at 
V, the Latitude is greater if the Earth be at T, than if it was at 
t. Now, if the Earth remaining in it's Place T, we imagine the 
Planet to be be carried from V to v; the Angle v T B will be leſs 
than the Angle V T A upon a double Account, from the Planet 
coming nearer the Node, and the Spectator being moved farther oft. 

Now, if we conſider that both the Earth and the Planet are 
continually moved, we ſhall eaſily conceive that the Latitude is 
changed every Moment from each Cauſe, which ſometimes act 
contrariwiſe, and ſometimes conſpire in increaſing and diminiſh- 
ing the Latitude; whence it neceſſarily follows, that the apparent 
Motion is performed in an irregular Curve, which, as was faid 
before, cuts the Ecliptic as often as the Planet paſſes the Node, 
that is, twice in each of it's Revolutions; this Curve alſo does not 
recede from the Ecliptic, on either Side, beyond certain Limits 
in the Zodiac. 

We diſcover alſo ſome remarkable Phænomena of the inferior 
Planets by means of the Teleſcope, which are owing to their 
Opacity. 

la be the Sun, T the Earth, A, B, C, v, D, E, F, V, an in- 
ferior Planet, ex. gr. Venus in it's Orbit. This Planet ſhines with 
Light borrowed from the Sun, and that Hemiſphere only which 
is turned to the Sun is enlightened, the other Hemiſphere is invi- 
fible: Therefore that Part only of the enlightened Hemiſphere, 
which is turned to the Earth, can be ſeen from it; in V the 
Planet cannot be ſeen ; it would appear round at v, if the Sun's 
Rays did not hinder it from being ſeen. 

Going from v the Planet continually decreaſes, at D it has the 
Figure d; at e and F it is drawn as it appears at E and F, and 
continues to decreaſe, fill it vaniſhes at V, and then again encrea- 
ſes fucceſſively, changing it's Figure, till the whole enlightened 
Hemiſphere be turned towards the Earth. | 

When the Node is at V, or near it, the Planet appears in the very 
Diſk of the Sun, and as it were applied to zt, and 7s obſerved as a 
black Spot which moves on the Sun's Surface; in this Caſe, proper- 
ly ſpeaking, we don't ſee the Planet, but we perceive where it 
intercepts the Sun's Rays. 

The leſs diſtant the Planet is from the Earth, the greater it ap- 


bears, and the more lucid; but as it comes nearer the Earth, 


the lucid Part that is viſible is leſs, fo that on one heron oe 
1 et 
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Light increaſes, and on another it is diminiſhed ; and there is a 
Diſtance at which the reflected Light is greateſt. 


GM ATV; 


Concerning the Phenomena of the ſuperior Planets, ariſ- 


ing from their Motions, and the Motion of the Earth 
in their reſpective Orbits. 


HE apparent Motions of the ſuperior Planets do in many 3815. 

| Things agree with what has been explained in reſpect of 
the inferior Planets, and in many Things diſagree. 

They do not always accompany the Sun, but are often obſerved in 3816. 
Oppofition ; (as has been ſaid of the inferior Planets) they do not al- 
ways ſeem to be carried in Conſequentia, but often appear ſtationary 
and often retrograde. 3817. 

Let M be a ſuperior Planet, for Example, Mars in it's Orbit, 3818. 
ATHBC the Orbit of the Earth. The periodical Time of the Plate 124, 
Earth is ſhorter than the periodical Time of Mars*; therefore the Fig. I. 
Earth in it's Motion goes between it and the Sun; in which Caſe, * 3717, 
the Planet appears at F, amongſt the fixed Stars oppoſite to the 
Sun. Through M draw the Lines BM, A M, that touch the 
Earth's Orbit, which, being continued, go to G and D in the 
Sphere of the fixed Stars. Let us imagine that whilſt the Planet 
is carried about in it's Orbit, thoſe Lines are alſo moved; ſo that 
the Points A and B, in which the Lines that go through the Pla- 
net touch the Orbit of the Earth, perform a Revolution in the 
periodical Time of the Planet. Now ſince the Earth revolves faſ- 
ter, it paſſes through the Points A and B in it's Motion. In this 
Motion the apparent Place of the Planet, feen from the Earth, is 
not removed from the Place of the Planet ſeen from the Sun be- 
yond FD and FG. Let T be ſuch a Point in the Orbit of the 
Earth, that the Line n, being drawn, may be parallel to T M; 
Let T t be to M, as the Celerity of the Earth to the Celerity 
of the Planet ; in which Caſe theſe ſmall Lines are gone through 
in the ſame Time *; in the mean Time the Planet ſeems to be at + 
reſt *, and is ſaid to be ſtationary. In the ſame Manner it is ſta- 
tionary when the Earth is at H. In the Motion of the Earth be- 
tween T and H, the Planet appears to move in Antecedentia from E 

through 
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through F to I, and is ſaid to be retrograde s Whilſt the Earth goes 
through the reſt of it's Orbit HBC AT the Planet is direct. 

The Phenomena, which relate to the Latitude, are hike thoſe which 
have been explained, in reſpect to the inferior I lanets &. 


Jupiter and Saturn encompals the Orbit of the Earth at a great 
Diſtance ; wherefore almoſt their whole Hemiſpheres, which are 


enlightened by the Sun, are viſtble from the Earth; and therefore 
theſe Planets always appear round. 


Becauſe Mars is leſs diſtant, it appears à little gibbous, between 
the Conjunction and Oppoſition with the Sun. 


GH AF: VE. 


Concerning the Phenomena of the Satellites, from their 
Motion in their Orbits Where we ſhall ſpeal of 
the Eclipſes of the Sun and Moon. 


T* HE Satellites of Jupiter and Saturn do always accompany their 
Primaries in their Motion, and never appear to recede from 

them beyond certain Limits on either Side, which may be eaſily de- 
termined from their Diſtances from their Primaries ; and they are 
alternately carried in Antecedentia and in Conſequentia. Sometimes 
all of them are on the ſame Side of the primary Planet, and ſome- 
times the Primary is obſerved to be between them; Jupiter's Sa- 
tellites are all always in the ſame Right Line, or very little diſtant 


from it. All which Things may be deduced from this, that the 


Motion about the primary Planets is performed in Planes that make 

ſmall Angles with one another, and with the Plane of the Ecliptic. 
All theſe Satellites of Saturn or Jupiter are not always viſible at 

the ſame Time, when they are between their Primary and the Earth, 


they cannot be diſtinguiſhed from their Primary: Sometimes they are 


hid by their Primary, and often immerſed in it's Shadow. 


DEFINITION I. 


Such an Immerſion in the Shadow is called an Eclipſe of the Sa- 
tellite. 


We have treated of this before .. Whilſt the Secondary moves 
fromE to F it undergoes an Eclipſe ; and, not being enlightened 
by the Sun, becomes inviſible. If we conſider the two firſt Satel- 


lites of Jupiter, only the Immerſion into the Shadow at E 1s vi- 


I fible, 


Chap. 6. of Natural Philoſophy. 
ſible, when the Earth is in the Part CD A of it's Orbit. On the 
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contrary, the Emerſion only can be ſeen if the Earth be in the 


Part A BC. 


Amongſt the Bodies that accompany Saturn, we have ſaid that 3827. 
there is a Ring *; concerning which it is to be obſerved, that an“ 3732. 


Obſerver upon the Earth never ſees it wider than Saturn's Diame- 
ter, and that ſometimes it is inviſible; namely, when the Plane of the 
Ring being continued, goes through the Earth; for the Thick- 
neſs of the Ring is not ſenſible. 

The Ring is alſo inviſible, when it's Plane continued, paſſes be- 

tween the Earth and the Sun ; for then the enlightened Surface of 
the Ring is turned from the Earth. 
In each caſe Saturn appears round, yet in the laſt Caſe, by rea- 
ſon of the Rays that are intercepted by the Ring, there appears a 
black Belt upon the Surface of the Planet, like that which is oc- 
caſioned by the Shadow of the Ring. 

The Phænomena of the Earth's Satellite, namely, of the Moon, 
are very remarkable in reſpect to us, and therefore particularly to 
be explained. | 

I is very often in Conjunction with the Sun, and as often in Oppo- 
fition to it, but not at every Revolution of the Moon in it's Or- 
bit; for whilſt the Moon, after one entire Revolution of 27 Days, 
and 7 Hours, returns again to the Place, amongſt the fixed Stars, in 
which it was in Conjunction with the Sun, the Sun is gone from 


3828. 


3829. 


3830. 


3831. 


that Place, and is about 27 Deg. diſtant from it &: therefore it does 3729. 


not reach the Sun till after ſome Days; the neighbouring Conjunc- 
tions are twenty nine Days and a half diſtant from one another. 


DEFINITION 2. 


The Lunar periadical Month is the Time of one Revolution of the 
Meon in it's Orbit. 


DEFINITION 3. 


The Meon's ſynodical Month, or a Lunation, is the Time that the 
Moon ſpends between the tao next Conjunctions with the Sun. 

The Myon is inviſible in it's Conjunttion with the Sun, becauſe the 
enlightened Hemiſphere is turned from the Earth. Let T (Plate 
124. Fig. 2.) be the Earth, N the Moon between the Sun and 
the Earth, the enlightened Hemiſphere will be Ji, which cannot 
be ſeen from the Earth. 
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Whilſt the . Moon is carried in it's Orbit, from the Conjunction 


to the Oppoſition, the enlightened Part, which is directed towards 


the Sun, does continually become more and more wvifible to the Inbabi- 


tants of the Earth; and in the Points A, B, C, the Moon does 
ſucceſſively acquire the Figures @ 6c. 


At P, in it's Oppoſition with the Sun, it appears round ; then going 


through D, E, F, it decreaſes as it is repreſented at d, e, F 


DEFINITION 4. 


The Conjunction of the Moon with the Sun is called the new Moon. 
After the Conjunction, the Moon is as it were renewed, 


DEFINITION 5. 


The Oppoſition of the Moon with the Sun is called the full Moon, 
becauſe the whole Moon appears enhghtened. 


DEFINITION ©. 
The Conjunction and Oppoſition of a Satellite with the Sun, are call- 
ed by the common Name Syzygies. 
At A and F, the dark part of the Moon is a little enlightened 
by the Rays that are reflected from the Earth; and therefore it 
is ſeen by a Spectator to whom the Sun is not viſible, that is, 


in the firſt Caſe, after the ſetting of the Sun, and in the ſecond, 
before it's riſe. 


DEFINITION 7. 


When the Light of the Sun is intercepted by the Moon, ſo that, in 
reſpect of any Obſerver upon the Earth, the Sun is partly or wholly 
covered, the Sun 1s ſaid to undergo an Eclipſe. 


Properly ſpeaking, this is an Eclipſe of the Earth, on whoſe 
Surface the Shadow or Renumbra of the Moon falls. 


DEFINITION 8. 


An Eclipſe of” the Moon is the Obſcuration of the Moon by the Sha- 
dow of the Earth. 


The Eclipſe of the Sun is never obſerved except at the Time of the 


New Moon. 


The Moon is never eclipſoi Jut at the Time of the full Moon. 

Yet the Luminaries ore not eclipſed at every ne of the Syzxgies, 
becauſe ihe Moon does not move {a the Plane of the Fcliptic “, 
in which the Sun and Earth always are; whercfore upon A 

| 0 
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Account of the Moon's Latitude, it's Shadow, at the new Moon, 
often does not touch the Earth ; and itſelf, at the full Moon, paſles 
beſide the Shadow of the Earth. 

But when the Moon has no Latitude, or but very little, that is, 3848. 
when it is in the Node, or near it, at it's Syzygies, an Eclipſe is obſerv- 
ed; in that Caſe the Moon appears to be in the Ecliptic, or very 
near it; and this it is that has given the Name to that Line. 

That what relates to the Eclipſe of the Moon may appear the 3849. 
more plainly, let O O be the Way of the Moon, RR the Plane Pl. 12 
of the Ecliptic ; the Center of the Earth's Shadow is always in Fig. 1, 
it &; N is the Node of the Moon's Orbit. * 3707.3709, 

If the Earth's Shadow be at A, the Moon that goes by at F 38 50. 
will not be darkened. 

If the Moon be the leſs diſtant from the Node at the full Moon, 38 51, 
as at G, the Shadow of the Earth is at B, and te Moon 1s dark- 
ened in Part; this is called a partial Echpſe. 

If ſuppoſing the Shadow at D, the Moon be full, the Moon 38552. 
will be wholly darkened at I, it runs into the Shadow at L, and goes 
out of it at H; and the Eclipſe is ſaid to be total. 

The Eclipſe is ſaid to be central, when the Center of the Moon goes 3853. 
through the Center of the Shadow, which only happens in the very 
Node N. 

We have hitherto ſpoken of the Shadow of the Earth; becauſe, 
when we mention the Earth, we underſtand it's Atmoſphere which 
is joined to it, of which we have ſpoken elſewhere *: The Shadow 4g 54. 
of the Atmoſphere is properly conſidered in lunar Eclipſes; for the *x 2080. 
Shadow of the Earth itſelf does not reach the Moon. 

Leet T be the Earth, the Atmoſphere about it FDGGDF. The 3855. 
Sun's Rays B D, BD, touching the Atmoſphere ; theſe go ſtreight Plate 124. 
on, and terminate the Shadow of the Atmoſphere, out of which Fig. 3. 
if the Moon be, it is immediately enlightened by the Sun's Rays; 

but it is not enlightened in the ſame Manner all the while it 1s 

between BD and BD. 

The Rays which enter the Atmoſphere obliquely are refrated* ; and 3856. 
as they come towards the Earth, they continually penetrate into a * 2778. 
Medium which is denſer and denſer +, and therefore are every Mo- + 21 10. 
ment inflected*, and move in Curves. So the Rays E F, E F, penetrate * 2787-2529- 
the Atmoſphere in the Curves FG, FG, that touch the Earth. 

All the Light between EF, E F, is intercepted by the Earth, and 
the Rays GA, GA, terminate the Earth's Shadow. 


Vor. II. Q q The 
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The Light between EF and BD, being refracted by the Atmoſphere, 
is ſcattered between G A and BD continued, and beyond A the 
Point of the Earth's Shadow, the Lights that come from all Parts 
are confounded, but are continually weaker and weaker the far- 
ther from the Earth : So that the Shadow of the Atmoſphere is not 
a perfect Shadow but a weak Light whereby the Moon is viſible in 
an Eclipſe. 

The Shadow of the Atmoſphere is conical, becauſe the Sun's Di- 
ameter is greater than the Diameter of the Atmoſphere, which is 
ſcarce bigger than that of the Earth; and this Cone 7 Mars, as 
appears from immediate Obſervations ; but the Shadow of the 
Diameter, in the Place where it is cut by the Moon's Orbit, is 
ſcarce one fourth leſs than the Diameter of the Earth. 

With the ſame Reaſoning that we have proved, that the Moon 
comes into the Shadow of the Atmoſphere, when the Moon in 
it's full is in the Node or near it; it is alſo proved, that the Moon's 
Shadow falls upon the Earth at the new Moon, when the Moon 1s 
in the Node, or near the Node; therefore in that caſe the Sun 
undergoes an Eclipſe ; concerning which, ſeveral Things are to be 
obſerved. 


Let S8 be the Sun, L the Moon; let the Shadow of it fall up- 


- on any Plane GH. This Shadow is encompaſſed with a Penum- 


bra, for beyond M and E that Plane is enlightened by one entire 
Hemiſphere of the Sun ; as you go from M to H, and from E to 
G, the Light is continually diminiſhed, and near G and H the 


Rays come to the Plane only from a ſmall Part of the Sun's 
Surface. 


DEFINITION g. 
This diminiſhed Light, which encompaſſes the Shadow G H every 


Map, is called the Penumbra, 


In the Eclipſe of the Mon, the Shadow of the Earth is encom- 
paſſed with the like Penumbra, but this is only ſenſible near the 
Shadow, and therefore has but a ſmall Breadth ; but if an Obſerver 


* be placed upon a Plane upon which the Shadow falls, he may ob- 
ſerve the whole Penumbra ; as is the Caſe in the Eclipſe of the Sun. 


An Obſerver I or F can only ſee the Semi-diameter of the Sun, 
the reſt of the Diameter is hid by the Moon; and going from M 
towards H, the Sun is continually more and more hid by the 
Moon, till it becomes wholly inviſible n the Shadow itſelf. 

I 

| Hence 
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Hence it follows, that there is a ſolar Eclipſe, though the Shadow 
of the Moon does not touch the Earth, provided the Penumbra comes 
to it's Surface. And alſo, that the Eclipſe is not obſerved in all the 
Places in which the Sun is viſible; and that it is different, accord- 
ing as the Shadow, ora different Part of the Penumbra goes through 
the Place, in the Places in which it is obſerved. 

But the Eclipſe of the Moon is every where the ſame, where the 
Moon is viſible, during the Eclipſe. 

But when the Shadow itſelf of the Moon falls upon the Earth, 
the Sun's Eclipſe is ſaid to be total; if only the Penumbra reaches the 
Earth, it is ſaid to be partial; and this is what happens when we 
conſider an Eclipſe in general. 

But as to particular Places, it is ſaid to be total in thoſe Places 
where the Shadow paſſes ; central, in thoſe where the Center of the 
Shadow paſles, that is, here the Center of the Moon covers the Sun's 
Center ; and laſtly, partial, where the Penumbra only goes by ; and 
this is drawn in Fig. 5. 


The wider the Shadow GH is, the more Places is the Eclipſe of 3872. 
the Sun Total in, and the longer is the Sun wholly obſcured. But the Plate 124. 
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Breadth of the Shadow is different according to the different Di- Fig. 4. 


ſtances of the Moon from the Earth, and of the Earth from 
the Sun. 

Tf there be an Eclipſe of the Sun, ſuppoſing the Earth in the Pe- 
rihelion and the Moon in the Apogaum, that is, at the greateſt Di- 
ſtance from the Earth, the Shadow of the Moon does not reach 
the Earth, and the Moon does not cover the whole Sun; ſuch an one is 
called an annular Eclipſe, and is repreſented in Hg. 6. 


CHAP. VII, 


Of the Phenomena arifing from the Motion of the 
Sun, the Planets, and the Moon about their Axes. 


HE Sun's Motion about it's Axis is ſenſible, by obſerving the 

L Spots, which are ſeen very often upon the Sun's Surface: 
Theſe Spots ſeem to change their Figure and Situation every Day, 
and ſometimes to move ſwifter, ſometimes flower ; all which 
Things may be eafily deduced from the Motion of the ſpherical 
Surface; and the Sun, which if it was not moved by ſuch a Moti- 
on, would only once in a Year ſucceſſively turn it's whole Surface 
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to the Earth, now ſhews it to the Inhabitants of the Earth in leſs 
than the Space of one Month. 


Such like Phanomena ariſe from the Rotations of Jupiter, Mars 
and Venus, about their Axis, which Motions become ſenſible, by ob- 


ſerving the Spots in the Surface of the Planets. 


Whilſt the Earth is moved round it's Axis, the Obſerver, who 
is carried round, imagines himſelf to be at reſt, and all the hea- 
venly Bodies to be in Motion. | 


DEFINITION I. 


The Points, in which the Aris of the Earth, being continued both Mays, 
touches the Sphere of the fixed Stars, are called the Poles of the World. 


DEFINITION 2. 


The apparent Motion, arifing from the Motion of the Earth about 
it's Axis, is called the Diurnal Motion. 


DEFINITION ;. 


A Plane is concetved to pajs through the Center of the Earth, per- 
pendicular to it's Axis, and continued every Way, and the Circle in which 
it cuts the Sphere of the fixed Stars is called the celeſtial Æquator. 

In the Motion of the Earth, round the Sun, the Æquator is moved; 
but fince the Plane of this Circle is carried by a parallel Motion *, 
the celeſtial ZEquator is not moved Þ, 


DEFINITION 4. 
Circles whaſe Planes go through the Axis of the Earth, are called 


Meridians. 


They all paſs through the Poles of the World, and are perpendicular 
tor to the MÆquator. 


DEFINITION 5. 

The Arch of any Meridian, which is intercepted between the Aqua- 
tor and a Star, is called the Declination of that Star. 

Let an Obſerver be upon the Earth T, who directs his Sight 
along T A; after a little Time, when the Line T A ſhall be car- 
ried by the Motion of the Earth to T a, if the Spectator directs 
his Sight along the fame Line, the Body A will appear to have 
been carried through the Arch 2 A; but when the Line has re- 
turned to it's former Situation T A, the Body will ſeem to. have 

per- 
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performed one whole Revolution. But if he directs his Sight 
along the Axis of the Earth produced, becauſe that's at reſt, the 
Body, which is ſeen in the Axis, will appear not to have moved ; 
therefore in the Poles of the World the diurnal Motion is not obſery- 
ed *, But that Bodies, which are near the Foles, are moved 
round them is plain ; and that the Body by it's diurnal Motion 
deſcribes ſo much a greater Circle round the immoveable Pole, as 
it is farther diſtant from it. Therefore the whole Sphere of the fixed 
Stars ſeems to revolve about the Axis of the Earth continued in Ante- 
cedentia, in that Time in which the Earth really turns about it's 
Axis, Therefore the diurnal Motion is common to all the ccele- 
{tial Bodies, except ſo far as it is diſturbed by the Motions above- 
mentioned, 

The Aquator is equally diſtant from both Poles, and divides 
the Heavens into two Heriſpheres, whoſe middle Points are the 
Poles of the Worid, which therefore are equally diſtant from the 
ſeveral Points of the ÆMquator; therefore the heavenly Bodies which 
are in the Æqualir by their diurnal Motion ſeem to deſcribe the Aqua- 
tor itſelf, the greateſt Circle of all that can be deſcribed by the 
diurnal Motion ; the other Bodzes deſcribe Circles parallel to the 
Equator. 

The Axis of the Earth is inclined to the Plane of the Ecliptic 
in an Angle of 66 Deg. 31 Min. * the Poles of the World there- 
fore are diſtant from the Poles of the Ecliptic 23 Deg. 29 Min. and 
the Plane of the Aquator makes an Angle with the Plane of 
the Ecliptic of 23 Deg. 29 Min. Both Planes paſs through 
the Center of the Earth, but fince this may be looked upon as 
the Center of the Sphere of the fixed Stars, it follows, that the Aiqua- 
tor and the Ecliptic Line are great Circles, which are inclined to 
each other, and cut one another in two oppoſite Points in the Begin- 
ing of Aries, and the Beginning of Libra, which Points in the 
Way of the Sun, are determined by theſe Interſections “. 

When the Sun is in thoſe Points it ſeems to deſcribe the Aquator by 
it's diurnal Motion *; when it is carried about in the Ecliptic by 
it's apparent Motion, it continually recedes more and more from 
the Aquator, and it's Declination is increaſed, and it deſcribes 
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% Circles every Day *; till it comes to it's greateſt Diſtance from , 78g 8 


the Fquator, which is 23 Deg. 29 Min. + then it comes back t9 the 
Equator again, and goes beyond it alſo 23 Deg. 29 Min, advancing. 
trwards the oppoſite Pols. 


Dri- 
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DEFINITION 6. 


Thoſe Circles, deſcribed 12 Sun in it's diurnal Motion, which 


uator, that is 23 Deg. 29 Min. are 
called the Tropics. 


One touches the Ecliptic Line in the firſt Degree of Cancer, and 
is called the Tropic of Cancer; the other is called the Tropic of Ca- 


pricorn, and paſſes through the firſt Point of the Sign Capricorn 
and there touches the Ecliptic Line. 


DEFINITION 7. 


The Pole of the World, which is next to the Tropic of Cancer, is 
called the Arctic Pole, and alſo the North Pole; the Oppoſite is call- 
ed the Antarctic, and alſo the South Pole. 


DEFINITION 8. 


The Circles that are deſcribed in the diurnal Motion by the Poles 
of the Ecliptic, that is, by the Points which are diſtant from the 
Poles of the World 23 Deg. 29 Min. are called the Polar Circles. 

The Arctic Polar Circle is that which ſurrounds the Arctic 
Pole; the other oppoſite one borrows it's Name from the Antarc- 
tic Pole. 

There remains to be explained the Moon's Motion about it's Axis, 
whoſe Effect is that the ſame Face of the Moon is always turned to- 
wards the Earth. 

Let the Moon be at N the Face which is turned to the Earth 
is ui; if the Moon did not turn about it's Axis, and all it's 
Points were carried through parallel Lines, the Line mi would 
coincide with the Line / » in the Situation of the Moon at B, 
and the aforeſaid Hemiſphere m n ˖ would be at Inn; but be- 


cauſe, whilſt the Moon deſcribes a fourth Part of it's Orbit, it 


performs likewiſe = of it's Revolution round it's Axis, the Face, 
which would be at /mn, is now at mn 7, that is, again turned 
to the Earth. 

After the ſame Manner it is proved, that this ſame Face n 7 7, 
when the Moon is at P, is ſeen by an Obſerver on the Earth, and 
that it is turned towards the Earth at E; as alſo in all other Points 
of the Moon's Orbit. | 

That Part of the Moon's Face which, by it's Motion in it's Or- 
bit, is continually turned from the Earth, is turned again towards 
it by the Moon's Motion round it's Axis. | 
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But as it's Motion about it's Axis is equal, and it is carried in 
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it's Orbit with an unequal Celerity “; it happens that the Moon * 3739-3740. 


being in the Perigzum, that is at the leaſt Diſtance from the Earth, 


where it is moved very faſt in it's Orbit *, it does not entirely * 


'turn back again towards the Earth by it's Motion round it's Axis, 
that Part of it's Surface, which it turns from it by it's Motion in 
it's Orbit ; therefore a Part of the Surface of the Moon which was 
not ſeen before, appears at it's Side; which becomes again invi- 
ſible, when the Moon comes to it's apogeon. 

For that Reaſon the Moon ſeems to be moved with a libratory 
Motion. 

There is alſo another libratory Motion obſerved in the Moon. 

The Axis of the Moon not perpendicular 70 the Plane of it's 
Orbit, but a little inclined to it: The Axis keeps it's Paralleliſm in 
it's Motion round the Earth, as has been ſaid of the primary Pla- 


3739. 


3902. 


3903. 
3904. 


nets * ; therefore it changes it's Situation in Reſpect of an Ob- * 3721. 


ſerver upon the Earth, to whom ſometimes one, ſometimes the 
other Pole of the Moon is viſible. 


C H A P. VIII. 


Of the Phenomena which relate to the Surface of the 


Earth, and it s particular Parts. 


E have explained the cœleſtial Phænomena hitherto ex- 
amined, by conſidering the Spectator as carried about by 
thoſe Motions wherewith the Earth is really moved. Now we 
ſhall conſider him as placed upon the Surface of the Earth, and 
carried from one Place to another upon it. 
The firſt Phænomena to be here obſerved is, that, by Reaſon of 
the Interpoſition of the Earth, one Half of the Heavens is inviſible 
to the Obſerver who is placed upos the Surface of the Earth. 


DEFINITION TI. 


That Circle in the Heavens, which ſeparates the viſible from the 
nviſible Part, when the Rays are not intercepted by the Inequali- 
ties of the Earth's Surface, 7s called the Horizon. 

When the Height, to which the Spectator can be raiſed above 
the Surface of the Earth, is very ſmall, compared with the Semi- 
diameter of the Earth; the Eye of the Spectator may be looked 
upon as placed in the Surface itſelf, Let 
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Let the Earth be at T, and the Obſerver at 8, and PE pe the 
Sphere of the fixed Stars; if you conceive a Plane at HH to touch 
= Earth and go through 8, it will be the Plane of the Horizon 
whole Section with the Sphere of the fixed Stars is the Horizon, 
A Plane at hh, is conceived to go through the Center of the Earth 
parallel to HH; the Diſtance YH is inſenſible, by reaſon of the 
immenſe Diſtance of the fixed Stars; therefore the Section of that Plane 
withtheSphereabovementioned, maybe taken for the Horizon“ HH, 


DEFINITION 2. 
The Aſcent of the Stars, above the Horizon, is called their Riſe, 


DEFINITION z. 
The Deſcent, below the Horizon, 1s called the ſetting of the Stars. 


DEFINITION 4. 


If we conceive a Line drawn through the Obſerver and the Center 
of the Earth, which muſt neceſſarily be perpendicular to the Hori- 
zon, it will reach the Point Z among the fixed Stars, which is called 
the Zenith. 


DEFINITION ;. 
The Point N, oppoſite to it the Nadir. 


DEFINITION 6: 


The Section which a Plane of the Meridian *, that goes through 
the Obſerver, makes with the Horizon, is called the Meridian Line; 
and is directed from North to South, 


DEFINITION 7. 


The Eaſtern Part of the Heavens is that, towards which we ſee 
the celeſtial Bodies riſe above the Horizon. 

The oppoſite Part of the Heavens, in which the ſame Bodies go 
down below the Horizon, is called the weſtern Part. 

Theſe two Points are ſeparated by a Meridian Line, which we 
conceive to be continued both Ways, in the Plane of the Horizon, 
quite up to the Heavens. | 

The Eaſt Point is that, in which a Line directed Eaſtwards, per- 
pendicular to the Meridian Line, and going through the Obſerver, 
cuts the Sphere of the fixed Stars. | 

I 
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DEFINITION 8. 
The Point oppoſite to this is called the Weſt Point. 


DEzFINIT1@N 9 
The Amplitude zs an Arch of the Horizon, which is contained 
between the Eaſt or Weſt Point, and the Point in which the Star 


riſes or ſets, the firſt is called the riſing and the other the ſetting 
Amplitude ; and each is either northern or ſouthern Amplitude. 


DEFINITION 1o. 


The Height or Altitude of a Star, above the Horizon, 1s the 
Arch of a Circle perpendicular to the Horizon, in whoſe Center the 
Spectator is, terminated by the Horizon and the Star. 


When Bodies are remote, the Altitude does not ſenſibly differ, 


whether the SpeCtator be in the Surface of the Earth, or ſuppoſed 
at it's Center; Bodies that are leſs diſtant appear higher to a 
Spectator placed in the Center. 


DEFINITION II. 


The Difference of the Height of a Star, according to the different 
Pofition of the Obſerver, as he is ſuppoſed in the Center, or on the 
Surface of the Earth, is called the Parallax of the Star. 

There is only the Parallax of the Moon, which can be determined 
by Obſervations: The Diſtance of the reſt of the Bodies in the pla- 
netary Syſtem 1s too great to be compared with the Semidiameter 
of the Earth ; and the Parallax depends upon the Ratio which the 
Semidiameter of the Earth has to the Diſtance of a Planet ; there- 
fore even the Parallax of Mars, in Oppoſition with the Sun, 1s too 
ſmall for the niceſt Obſervations. 

Where there is a Parallax, it diminiſhes as a Body aſcends above 
the Horizon, and vaniſhes in the Zenith. 

The apparent Height of the Stars is alſo changed upon another 
Account, which equally affects all the heavenly Bodies. The Rays 
are inflected by the Refraction of the Atmoſphere, and the Stars 


# INES 
appear higher than they are *; yet the higher they are, the leſs is that * 38 56. 
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3923. 


3924. 


3925. 


3926. 


3922. 
3928. 
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Inflexion +; becauſe the Rays fall leſs obliquely on the Surface of + 2809. 


the Atmoſphere. In the Zenith there is no Refraction *; even at the 


3930. 


Diſtance of twenty or thirty Degrees from the Zenith, it is not ſenſible. * 2793. 


Since the Stars are raiſed by ihe Refrattion, they are viſible be- 
fore they come to the Horizon. | | 
Yor, II. R r All 
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All theſe Things relate to the Surface of the Earth in general, 


Plate 126. now we muſt examine the ſeveral Parts of it; theſe are determin- 


Fig. 2. 
3933- 


3934. 
3935+ 


- 3930. 
3914. 


3937. 


3938. 
3939. 


3946: 


ed by referring to the Earth the Circles which we have before 
conſidered in the Heavens; ſo on the Earth we confider the Aquator 
the Meridians, the Tropics, and Polar. Circles; and theſe Circles di- 
vide the Surface of the Earth in the fame Manner as the Sphere 
of the fixed Stars is divided by the Circles in the. Heavens; and 
therefore the Circles in the Heavens, and thoſe upon the Earth, 
do ſo mutually correſpond with each other, that a Line being drawn 
from the Center of the Earth to a Circle in the Heavens, it will 
go through the ſame Circle in the Earth. If the Poles are Pp, 
the Æquator will be Ee, the Tropics T T, 7 #, and the Polar Cir- 
cles A A, à 4; 


DEEINLTION. 12, 
he Meridian which goes through a; Place is called the Meridian 
of the Place. 
The Plane of it is perpendicular to the Horizon ; becauſe it goes 
through the Center of the Earth and the Obſerver. 
A Meridian Line drawn in any Place, is Part of the Meridian 
F the Place *%hy | 


DBgF#1N1TLON 13. | 
The Latitude of a Place i: 3's Diſtance from te AÆquator; that 
is, the Arch of the Meridian: intercepted: between that Place and 
the Aquator. 


| DB#®1N.1T LON. 14. 

Circles. parallel to the Aquatun, are called Cireles of Latitude 
as Bb. 

By, determining the Latitude of the Place, we determine the 
Circle of Latitude, which goes through the Place; now to de- 


termine the Situation of. ſeveral Places, in Reſpect of each other, 


we muſb determine Places upon the ſeveral Circles, which is done, 
by ſuppoſing. a Meridian to. paſs through any remarkable Place, 
which by. it's Section determines a Point upon; each, Circle of La- 
tude, from which the Diſtances ofi Places are meaſured. 


| DIR IN 1 T ION. 1.5. | 
The Meridian. alwvementioned, taken. at: Pleaſure, is. called/ the 
frit Meridian, . 
EFT. 
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DEFINITION 16. 
The Diſtante of a Place from the 

Circle of wok 4 

of the Place. 


that goes through a Place is called the Longitude 


Aſtronomers * every Thing to the Meridian of the Place in 3942. 


which they make their Obſervations. 


In explaining the Phenomena which relate to the ſeveral Parts 3943. 


of the Surface of the Earth, we ſhall conſider the Obſerver going 
from the Pole to the Mquator ; arid firſt only take Notice of the 
diurnal Motion. 


When the Spectator is af S, in the very Pole of the Earth J, the 3944. 
celeſtial Æquator Ee coincides with the Horizon, and the Pole Plate 12 5. 


of the World P is the Zenith; in that Caſe, becauſe the Circles, Fig. 3. 
which are parallel to the Horizon, are alſo parallel to the /Equa- 
tor ; all the heavenly Bodies appear to be carried by a Motion paral- 


lel to the Horizon *, in Circles which are repreſented by the Lines“ 3888. 


Aa, Bb. The heavenly Badies in the Hemiſphere E Pe never ſet, 
and the others are never viſible. | 


The Horizon in this Situation is ſaid ts be parallel, or this Situd- 3945. 


tion is called u parallel Sphere. 


Fan Obſerver upon the Earth T recedes from the Pole, and is 3946. 
at 8, the Horizon is ſaid to be oblique, or the Sphere is oblique ; then Plate 12 6 


the Axis P p is inclined to the Hotizon 5, ſo much the more as F ig. 4. 
the Obſerver is farther from the Pole. 


DEFINITION I. 


The Angle which the Axis of the Earth makes with the Horizon, 3947. 


is called the Height of the Pole *. | * 3921. 
This Height of the Pole is equal to the Latitude. The Height 3948. 
of the Pole is the Angle PT, whoſe Meaſure is the Arch Ph; 
the Latitude is meaſured by an Arch, which upon the Earth cor- 
reſponds to the Arch ZE in the Heavens“: But this is equal to the* 393. 
Arch Ph; for the Complement of each of them, to a Quarter ß 
a Circle, is the Arch Z P. | 
In this Pofition of the Obſervet, becauſe the Æquator is inclined 3949. 
to the Horizon, all the heavenly Bodies are carried by the diurnal 
Motions in Circles inclined to the Horizon, repretented by the Lines 
Aa, Bh. | * 2888. 
Some of the heavenly Bodies riſe and ſet at every Revolution of the 39 50. 
Earth ; namely thoſe which are between the Parallels to the - 
Rr 2 | quator 


i Meridian meaſured bn a 3941. 


3952. 
* 3887. 


. 


* 3881. 
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quator B, and hz; becauſe all the Parallels between thoſe are 


cut by the Horizon. 

The Planes of the Æquator and the Horizon go through the 
Center of the Earth; therefore theſe Circles cut one another mu- 
tually into two equal Parts, and half of the Æquator is above the 
Horizon; therefore the heavenly Bodies, which are in the Aquator, 
are above the Horizon during half a Revolution of the Earth about it's 
Axis &; and on Account of the Equability of the Motion about the 
Axis are inviſible during an equal Time. 

Theſe alſo riſe due Eaſt and ſet due Weſt, (that is, in the very Points 
of the Eaſt and Weſt ; ) for the Section of the Planes of the Æqua- 
tor and the Horizon is perpendicular to a Plane perpendicular to 
both theſe Planes; and this laſt Plane is the Plane of the Meridian 
of the Place *. 

Wherefore the abovementioned Section is perpendicular to the 
Meridian Line, and conſequently goes through the Eaſt and Weſt 
Points 4. 

Bodies between the Aquator and a parallel B h, which touches the 
Horizon, as in the Circle A a, continue longer above than below the 
Horizon ; and this Difference 1s ſo much the greater, the more the 
Circle Aa approaches that Pole, which is above the Horizon. On the 
contrary, as the Body goes towards the oppofite Pole, it's Time of Con- 
tinuance above the Horizon is the longer. 

This Inequality of the Time, that a Body is above and below the Ho- 
rizon encreaſes as the Height of the Pole does, becauſe of the Dimi- 
nution of the Angle made with the Horizon by the Æquator and 
it's Parallels. | | 

Bodies, whoſe Diſtance from the Pole is equal to the Height of it, 
never ſet, for ſuch is the Diſtance of the Circle B, which touches 
the Horizon, but has no Part of it below the Horizon. a 

Bodies leſs diſtant from the Pole, do not fa much as come down to 
the Horizon. ; 

It appears by the ſame Reaſoning, that Bodies, whoſe Diſtance 
from the oppoſite Pole does not exceed the Height of the Pole, never 
riſe above the Horizon, and are always invi/ible. 

Bodies, whoſe Diſtance E Z from the Æguator is equal to the 
Height of the Pole, go through the Zenith Z, for E is equal to the 
Latitude of the Place to which the Height of the Pole is equal“. 

When a Spectator S has receded as far as he can from the Pole, 
he comes to the Æguator whoſe Points are equally diſtant from each 


Pole *; then the Axis Pp is in the Horizon with which the Aqua- 
K tot 
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tor makes a right Angle*, for which Reaſon the Horizon is ſaid * 3879. 
to be right; or this is called a right Sphere. 3933. 
The Horizon cuts into two equal Parts all the Circles, that are 
parallel to the Æquator, which are repreſented. by the Lines A a, 
Bb, therefore, all the heavenly Bodies at every Revolution of the Earth, 396r. 
riſe and ſet, and are viſible and inviſible during equal Times. 
The /Equator itſelf goes through the Zenith, and therefore all the 3962. 
Bodies that are in it paſs through it alſo. | 75 
If what we have explained concerning the diurnal Motion be 3963. 
applied to the Bodies, of whoſe other apparent Motions we have 
ſpoken before, the Phenomena will be eaſily determined from the 
Motions joined together ; thoſe that relate to the Sun are more re- 
markable than the reſt, and therefore more particularly to be 
explained, 


DEFINITION 18. 


We call a natural Day the Time elapſed between the Receſs of the 3964. 
Sun from the Meridian of a Place, and it's next Return to the ſame 
Meridian. | 

This Day differs from the Time of the Revolution of the Earth 3965. 
above it's Axis, which Times would be equal, if the Sun appeared 
immoveable amongſt the fixed Stars: but whilſt by the diurnal 
Motion, in the Time of one Revolution of the Earth about it's 
Axis, the Sun is carried round from Eaſt to Weſt, that is in Ante- 
sedentia *, it is carried by a contrary Motion in the Ecliptic +, * 3886. 
whereby it comes later to the Meridian. T 3779. 

But as the Sun does not every Day go through an equal Space 3966. 
in the Ecliptic *, all the natural Days do not equally exceed the 3967. 
Revolution of the Earth about it's Axis; therefore theſe Days are * 3780. 
unequal to one another. | 

Natural Days are unequal alſo upon another Account, namely, 3968. 
by Reaſon of the Inclination of the Ecliptic in Reſpect of the 
Equator; whence it follows, that the annual Courſe of the Sun is 
unequally inclined to the Æquator in different Points; and though 
the Sun ſhould equally go forward every Day in the Ecliptic, the 
natural Days would not equally exceed the Time of the Revolu- 
tion about the Axis; for if the Motion of the Sun be reſolved into 
two Motions *, of which the one is parallel to the Æquator *, & 1155. 
and the other perpendicular to it, the firſt is only to be conſidered 
in determining the Exceſs abovementioned, and that it is unequal, 
is plain from the different Inclination abovementioned, as alſo the 


different Diſtance of the Sun from the Pole. 
Theſe 
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3969. Theſe two Cauſes of Inequality often concur, and oſten act 


contrarywiſe. | 
3970. Every natural Day is divided into twenty-four equal Parts which 
are called Hours. Each Hour 1s divided into fixty Minutes; and each 

Minute into fixty ſecond Minutes; or Seconds, and ſo on. 

3971. That theſe Parts of Time vary in different Days, appears plainly 
* 2967. from what has been“ ſaid; they are by Aſtronomers reduced to 
3972. Equality, by conſidering the Number of Hours in the whole Re- 
| volution of the Sun in the Ecliptic, and dividing the whole Time 


into as many equal Parts as there are Hours, twenty-four of which 
are taken for one Day. 


DEFINITION 19, and 20, 


3973- The Time whoſe Parts are by this Method reduced to Equality, 
is called the mean Time, and that Reduction is called the ÆQpuation 
of Time. | 

3974. Me always make uſe of the Days and Hours of the mean Time in 

determining the Periods of the heavenly Motions. 


DEFINITION 21. 


3975. The artificial Day 7s the Time that the Sun flays above the Horizon, 
1 boos always ſpeak of it, when we mention Day in Oppoſition to 
ight. 
| 3976. V determining the Length of artificial Days, wwe do not attend to 
the FEquation of Time. | 
| 3977. The Crepuſculum, or Twilight always comes before the Sun's Riſe, 
; | and folioes it's ſetting ; this is that dim Light which we commonly call 
| Morning and Evening Twilight. 
3978. The Noiligbt is produced by the Atmoſphere which is enlightned by 
B the Sun's Rays, and whoſe Particles reflect the Light every Way 
| from whence ſome Rays come to us, though the Sun be depreſſed 
eightern Degrees below the Horizon. 
| | 3979. + the right Sphere, that is to all thoſe that dwell under the 
| * 3960. Equator *, the Days and Nights are equal ts one another all the 
+ 3961. Year round +, and are of twekve Hours *, 
* 3970. I the oblique Sphere the Days are longer or ſhorter, according ts 
3989. the different Diſtance of the Sun from the Æquator, towards either 
*3954- 3955- Pole &; for the Sun recedes from the Æquator towards the Poles 
*3892. 3893. 23 Deg. 29 Main. “ 
3981. The Sun is in the Æquutor about the roth of March, and the 12th 
* 3952. of September, and then the Day is equal to the Night *, which hap- 
pens all ver the Earth, except juſt at the Poles. DEF1- | 
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DEFINITION 22. bs 
Theſe Pornts of the Ecliptic in which it is cut by the Aquator*, 3982. 
gre called the Æquinoctial Points, becauſe the Sun is in thoſe Points, 3590. 
when the abovementioned Equality of Day and Night happens. 


DEFINITION 23 


Theſe Points of the Ecliptic, in which the Tropicis touch that 3983. 
Cirele *, are called the Solſtitial Points, becauſe for a few Days, * 3894. 
when the Sun comes to thoſe Points, and goes beyond them, it 
does not ſenſibly change its Declination, and the Length of the 
Days does not ſenſibly vary. 

Under the Poles, if there be any Inhabitants there, they can only 3984. 
once in a Year ſee the riſing and the tetting Sun, and only one Day 
with one Night make up their whole Year. The Sun continues above 
the Horizon all the while it goes through one half of the Ecliptie *, * 3890. 
the reſt of the Time it is hid under the Horizon, But yet heir 3944. 
Day is lengthened upon account of the Refraction *; and the Twilkghts 398 5. 
laſt uery lang, for they laſt as long as the Declination of the Sun, “ 3931. 
towards the hidden Pole does not exceed 18 Deg. ＋ 3978. 

In reſpect to the Arctic Pale, in the firſt fix Signs, from Aries to 3986. 
Libra, the Sun is above the Horizon; therefore at the Pole the 
Day exaeeds the Night nine natural Days *, befides the Diminution * 3784 
of. the Nrght on Account of the Refrattion+F. T 3986. 

Theſe: general Things which relate to the different Poſitions of 
the Horizon. being explained, ſome more particular Things are to 
be examined. 

The whole Surface of the Earth is divided into fue Zones. The 4987. 
firſt is contained between the two Tropics T T, tt, and called the Tor- 3988. 
rid Zone ; there are two Temperate Zones, and two Frigid Zones. Plate 126. 

The Northern Temperate Zone is termimated by the Tropic of Fig. 2. 
Cancer T T, and the Arctic Polar Circle A A. The Southern Tem- 3989. 
perate Zone is contained between tt, the Tropic of Capricorn, and 
the Polar Circle 4.9. 

The Frigid Zones are circumſcribed by the Polar Circles, and the 439go. 
Poles are in the Centers of them. 

In the Torrid Zone, twice a Year, the Sun goes through the Zenith 399 1. 
at Noam . For the Elevation of the Pole is leſs than 23 Deg. * 3988. 
29 Min. * and the Diſtance of the Sun from the Aquator towards 3948. 
the Pole, which: is above: the Horizon, is twice in a Year equal to 
the Height of the Pole *. For which Reaſon alſo in the a” of * 3392.3893. 
I Hat 
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3992 that Zone, namely under the Tropics, the Sun comes to the Zenith 
* 3892.3893- only once in a whole Year *, 


3894. 


3993. 
* 3892. 3990. 


3991. 
T 3959. 


3994- 
3995. 


* 3950-3955» 
* 3892.3989. 
5 3996. 
3979. 
+ 3954-3956. 


3997. 


* 3894. 
3897. 
* 3957 
3998. 
* 3894. 
3990. 


* 3957. 


* 3948. 
＋ 3950. 
3999. 
* 3958. 
4000. 


4001. 


* 3984. 
4002. 


In the Temperate and Frigid Zones, the leaſt Height of the Pole 
Exceeds the greateſt Diſtance of the Sun from the Aquator *; and 
therefore to their Inhabitants 7he Sun never goes through the Zenith+. 
Yet the ſame Day the Sun riſes to a greater Height, the leſs the Height 
of the Pole is; becauſe thereby the Inclination of the Circles of the 
diurnal Motion with the Horizon is leſs. 

In the Torrid Zone, and in the Temperate Zones, every natural Day 
the Sun riſes and ſets*; for the Diſtance of the Sun from the Pole al- 
ways exceeds the Height of the Pole *. 

Vet every where but under the Aquator * the Artificial Days are 
unequal to one another; which Inequality is ſo much the greater, 
the leſs the Place is diſtant from a Frigid Zone. 

But in the Polar Circles, juſt where the Temperate Zones are 
ſeparated from the Frigid ones, the Height of the Pole is equal to 
the Diſtance of the Sun from the Pole when it is in the neighbour- 
ing Tropic *; and therefore in that Caſe, that is, once a Year, the 
Sun in its diurnal Motion performs one entire Revolution without go- 
ing down under the Horizon &. 

But every where in a Frozen Zone the Height of the Pole is grea- 
ter than the leaſt Diſtance of the Sun from the Pole *; therefore 
during ſome Revolutions of the Earth, the Sun is at a Diſtance from 
the Pole, which is leſs than the Pole's Height, and during all that 
Time, it does not ſet, nor ſo much as touch the Horizon #. But 
where the Diſtance 'from the Pole, as the Sun recedes from it, does 
exceed the Height of the Pole or Latitude of the Place *, the Sun 
riſes or ſets every natural Day ; then in it's Motion towards the op- 
poſite Pole, it ſtays in the ſame Manner, belaw the Horizon, as was 


ſaid of the Motion above the Horizon *. 


Theſe Times, in which the Sun makes intire Revolutions above 
the Horizon, and below it, in it's diurnal Motion are ſo much 


the greater, that is, the longeſt Day and Night laſt the longer, the 


leſs the Place in the Frigid Zone is diſtant from the Pole, till at laſt, 


at the Pole itſelf, they take up the Time of the whole Year 2. =» 
From the fame Cauſes, namely, the Obliquity of the Ecliptic in 


reſbect of the Aquator, by which are occaſioned all the Things 


which relate to the Inequality of Days, which is different in dit- 
ferent Places; we alſo deduce . the Difference of Seaſons, which 
ſucceed one anther every Year ; I ſhall ſpeak of them firſt in reſpect 


to the Frigid and Temperate Zones, and then in reſpect to the Tor- 
rid Zone. The 
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The Rays of the Sun communicate Heat to the Air, not only © 4003. 
when they come directly from the Sun, but when they are reflected 
irregularly from Bodies or the Surface of the Earth &. 241 5. 

This Effect is ſo much greater as the Rays ſtrike the leſs obliquely 
againſt the Surface of the Earth ; and that upon a double Account. 

1. If you reſolve the Motion of the Light into two Motions *, one * 1155. 
of which is parallel, and the other perpendicular to the Surface of 

the Earth; the Light acts upon Bodies only by the laſt Motion, 

which diminiſhes. as the Obliquity increaſes. 2. There are more 

Rays acting at one Time upon the fame Part of the Surface of the 

Earth, the more directly they come upon it. 

Hence we deduce that the Cauſes of Heat increaſe when the Days 4004. 
increaſe, by the Sun coming towards the Pole which is above the 
Horizon; becauſe the Sun does daily aſcend to a greater Height; 
ſo that to the diminiſhed Obliquity is added the longer Continuance 
of the Sun above the Horizon, both which concur to the increaſ(- 
ing of the Heat ; the Nights alſo are diminiſhed as the Days in- 
creaſe, and the Heat that is produced by Day has leſs Time to de- 
creaſe in. . 

In the Northern Zones, as follows from this, the Cauſe of the 4oog. 
Heat is the greateſt of all, when the Sun comes to the Tropic of 
Cancer *, Yet the Heat is not always the greateſt where the Cauſe of * 3896. 
Heat is the greateſt; for the Heat increaſes as long as that which 4006. 

is acquired by Day is not wholly deſtroyed by Night; for though 
the daily Augmentations be diminiſhed, as long as there is an Ang- 
mentation the Heat increaſes. The mot intenſe Cold is not upon the 4.007, 
ſhorteſt Day, in which the Obliquity of the Sun's Rays is the greateſt, 
and the Abſence of the Sun the longeſt ; but the Cold increaſes, 
as long as the Diminution of the Heat does laſt; concerning which 
one inay reaſon in the fame Manner as concerning the Increaſe of 
Heat, 

The Year is divided into four Seaſons ; the hotteſt is called the Sum— 4008. 
mer; the coldeſt the Winter ; the temperate Seaſon that follows the 
Winter, Spring ; and the Autumn comes between Summer and Winter, 

In the Northern Regions, in the Beginning of Spring, the Sun ap- 400g. 
pears to be in the Beginning of Aries; in the Beginning of Summer 
the Sun comes to the Tropic of Cancer. When the Sun enters Libra, 
the Autumn begins : In the Beginning of Winter the Sun performs it's 
diurnal Motion in the Tropic of Capricorn ; all which may be eaſily 
deduced from what has been explained “. * 4006,4007s 
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In the Southern Regions the Summer happens in the the Time of 
Winter abovementioned, and they have their Spring whilſt the former 
hgve their Autumn ; and ſo of the other Seaſons. 

The general Cauſes, upon which the Diviſion abovementioned 
depends, are often diſturbed by Cauſes relating to particular Places: 
eſpecially in the Torrid Zone, of which we ſaid we muſt treat ſepa- 
rately. In moſt Places of this Zone tbere are only two Seaſons ob- 
ſerved (viz.) Summer and Winter, which are chiefly diſtinguiſhed by 
dry and wet Weather, 

When the Sun comes to the Zenith of any Place, there are almoſt 
continual Rains, upon which Account the Heat is diminiſhed, 
which Time is referred to, or called Winter. As the Sun recedes, 
the Rains diminiſh, the Heat is increaſed, and that Time is referred 
to Summer, 

In the Middle of” the Torrid Zone, there are two Summers, and as 
many Winters; becauſe the Sun comes up twice to the Zenith “. 

Towards the Sides of this Zone, though the Sun comes twice 
to the Zenith ; yet ſince there is but a ſmall Time between it's 
coming to it the firſt and ſecond Time, both the Winters are con- 


founded into one, wherefore only two Seaſons in a Year are ob- 
ſerved there. 


. 


Concerning the Phenomena ariſing from the Motion of 
the Axis of the Earth. 


E have faid that the Axis of the Earth is carried by a 
parallel Motion * ; we have not conſidered a ſmall Mo- 
tion, whereby it is really moved, of which we ſhall now ſpeak. 
The Axis of the Earth, keeping the Inclination of 66 Deg. 3! 
Min. to the Plane of the Ecliptic, revolves in Antecedentia, that is, 
is ſucceſſively carried towards all Parts; and it's Extremities, (viz ) 
the Poles of the World deſcribe Circles round the Poles of the Ecliptic, 
from Eaſt to Weſt. And 7his Revolution is performed in the Time 
of about 26000 Nears, which Period is called the Great Year. : 
Becauſe the Earth is looked upon as immoveable by it's Inhabi- 
tants, this Motion is referred to the heavenly Bodies, as has been 
faid of the other Motions. Therefore whilſt the Poles of the 


World are moved about the Poles of the Ecliptic in econ, 
l an 
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and paſs ſucceſſively through all the Points that are 23 Deg. 29 

Min. diſtant from theſe Poles, theſe Points themſelves, or rather 

the fixed Stars that are in them, come towards the Poles of the 

World ſucceſſively, and ſeem to be carried in Conſequentia, and to 

deſcribe Circles which are really deſcribed by the Poles of the World 

about the Poles of the Ecliptic, which, being placed in Centers, 

alone are at reſt, For together with the Stars abovementioned the 

reſt of the Stars (becauſe they keep the ſame Situation in reſpect to 

one another) * do alſo appear to be moved. * 3689. 
Therefore he whole Sphere of the fixed Stars ſeems to move, in 4020, 

Conſequentia, about an Axis paſſing through the Poles of the Ecliptic ; 

and each Star apparently deſcribes a Circle parallel to the Ecliptic ; 

by which Motion the Latitude of the Stars is not changed. 
The Plane of the Aquator makes a right Angle with the Axis 

of the Earth ; therefore, by the aforeſaid Motion of its Axis, the 

Section of the Plane of the Aquator, with the Plane of the Ecliptic, 4021. 

is moved round ; wherefore the firſt Points of Aries and Libra*, * 3890. 

which are always oppoſite, move through the whole Ecliptic Line 

in the Space of about 2.5920 Years in Antecedentia: Yet they are 

looked upon as immoveable by the Inhabitants of the Earth, who 

imagine that the fixed Stars themſelves are moved in Conſequentia*, * 4020. 
This Tranſlation of the firſt Point of Aries and Libra, which is 4022. 

called the Praceſſion of AEquinoxes, is the Reaſon why the Sun, 

when it has receded from one of theſe Points, returns to it again 

before it has performed one intire Revolution in the ecliptic Line: 

But as the Aquinoxes determine the Vulgar or Ecliptic Year, the 

periodical Time of the Earth exceeds that Year *. * 427209; 


CG HA P; X. 
Concerning the fixed Stars. 


E have faid that the fixed Stars are lucid Bodies, removed 4023. 
ſo far off, that their Diſtances can be compared with no 
Diſtances in the planetary Syſtem. For Affronomers have not been 4024. 
able, by their niceſi Obſervations, to o ſerve the Poles of the World car- 
ried out of their Place in the annual Mection of the Earth *, although * 2654. 
they deſcribe Circles in the Heavens which are equal to the Earth's 

Orbit *. 3 


Di- 


8 5 


9 


4028. 


Mathematical Elements Book VI. 


DEFINITION I. 


«This Motion of the Pole is called the annual Parallax. 
That the fixed Stars are at an immenſe Diſtance, it is alſo proved 


by Obſervations with the Help of Teleſcopes, 75 any fixed Star, 


even the lucid and conſpicuous, be beheld with a Teleſcope, through 
which the Diameter of the Sun would appear equal to the Diame- 
ter of the Earth's annnal Orbit, it will appear to be a lucid Point, 
without any ſenſible Magnitude ; for all the fixed Stars appear leſs 
when they are ſeen through Teleſcopes, than they do to the naked 
Eye; for 'tis only their Twinkling which makes them appear to 
have any ſenſible Magnitude. 

That the Stars may be diſtinguiſhed, they are referred to various 
Figures, which are imagined in the Heavens, and are called Con- 


ſtellations. 


Twelve Conſtellations are imagined to be in the Zodiuc, which are 
called the Signs of the Zodiac; they receive their Names from the 
Animals or Things which they repreſent: Aries, Taurus, Gemini, 
Cancer, Leo, Virgo, Libra, Scorpius, Sagittarius, Capricornus, 
Aquarius, Piſces. 

Theſe Signs have given their Names to twelve Parts of the Ecliptic, 
of which we have ſpoken before *. 

In the Time of Hipparchus, the Sections of the Ecliptic and - 
quator were between the Conſtellations of Piſces and Aries, and 
Virgo and Libra, and the Conſtellations gave their Names to thoſe 
Parts of the Ecliptic, which paſſed through each Conſtellation, 


and the Parts of the Ecliptic ſuppoſing the Beginning of Aries and 


Libra, in the Inter ſections of the Aiquator and the Echptic, have kept 
the Names which they had at that Time, though theſe Inter ſections be 
carried from their old Places * ; whence the Sun is ſaid to be in 


Taurus, when it moves amongſt the Stars of the Conſtellation 
Aries. ä 


The Zodaic ſeparates the North Part of the Heavens from the 


: South Part. 


In the Northern Region are the followin g Conſtellations : the leſſer 


Hear, the greater Bear, the Dragon, Cepheus, the Hounds, Bootes, 


the Nerthern Crown, Hercules, the Harp, the Swan, the Lizzard, 
Caffiopeia, Camelopardus, Perſeus, Andromeda, the Triangle, the leſ- 
fer Triangle, the Fly, Auriga, Pegaſus, or the Hying-Horſe, Equule- 


us, the Dolphin, the Fox, the Gooſe, the Arrow, the Eagle, Antintus, 
Sobieſey's Shield, Serpentarius, the Serpent, Mount Menalus, Bere- 
mice s Hair, the leſſer Lion, the Lynx. 15 
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In the Southern Region of the Heavens, are the following Conftel- 


lations, many of which are inviſible to us * namely the Whale, the * 


River Eridanus, the Hair, Orion, the great Dog, Rhinoceros, the 
lffer Dog, the Ship Argo, Hydra, the Sextant of Urania, the Cup, 
the Crow, the Centaur, the Wolf, the Altar, the Southern Crown, 
the Southern Fiſh, the Phænix, the Crane, the Indian, the Peacock, 
the Bird of Paradiſe, the Southern Triangle, the Croſs, the Fly, the 
Chamalean King, Charles's Oak, the flying Fiſh, the Toucan or A- 
merican Gooſe, Hydrus, or the Water Serpent, Xiphias, or the 
Sword Fiſh. 


DEFINITION 2. 


The Stars, which are between the Conſtellations, are called unformed 
Stars. 

The Stars are not equally lucid, and they are referred by Aſtro— 
nomers 79 fix Claſſes, the moſt lucid are called Stars of the firſt 
Magnitude ; others are ſaid to be Stars of the ſecond Magnitude, 
others of the third, &c. to the ſixth Magnitude. 

Some are not referred even to this laſt Claſs, and are called Nebu- 
lous Stars. 

There is alſo à certain Zone or Belt obſerved in the Heavens, 
which is not every where of the ſame Breadth, and goes round the 
whole Heavens, and in ſome Places is ſeparated, ſo as to become 
double. From its Colour it is called the milky Way. It is plain 
from Obſervations by the Teleſcope, that This Way is an Aſſemblage 
of innumerable fixed Stars, hich cannot be ſeen by the naked Eye, either 
becauſe they are leſs than the other Stars, or more diſtant. 

Towards the Antarctic Pole there are two Nubecule, of the ſame 
Colour as the Milky Way, which are aljo Heaps of ſmall Stars, and 
cannot be ſeen without a Teleſcope. Beſides the Stars, which are 
obſerved in theſe Nubeculz, and in the Milky Way, 20 whatſoever 
Parts of the Heavens you point the Teleſcope, you may diſcover ſmall 
Stars in a great Number which are not viſible to the naked Eye. 
Very often an Heap of Stars appears to the naked Eye to be but 
one Star. 

Amongſt the Stars, ſome are viſible and invifible by Fits, and ob- 
ſerve regular Periods ; others are ſucceſſively ſometimes more lucid, 
ſometimes of a duller Light, and to be ſeen only by the Help of a 
Teleſcope, and that at certain Times. 

Yet they are not equally bright at every Period. Sometimes Stars 
lave appeared ſuddenly, exceeding the brighteſt in Light, which af- 
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ter wards, ſucceſſroely decreaſing, have vaniſhed in a ſhort Time, and 


ill remain invifible. 
* Beſides the Stars, we obſerve in the Heavens ſeveral whitiſh Spots, 
aohich are in ſome Meaſure lucid and inviſible to the naked Eye; their 
Light is referred to the Stars which are in them, or they are looked 
upon as nebulous Stars, 

What theſe Spots are cannot be determined ; perhaps they are 
a Congeries of Stars, which have the ſame Relation to the Teleſco- 
pick Stars, as thoſe which form the Milky Way have to thoſe 
which are ſeen by the naked Eye. 
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GR AP. ab 
Concerning univerſal Gravity. 


AVING explained the Motions of the heavenly Bodies, 4045. 
and the Phænomena ariſing from them, we muſt now examine 
by what Laws theſe Motions are performed. 

We have before laid down the Laws according to which the 4046. 
Motions of Bodies are directed“. If we add one to theſe, we * 355: 350. 
ſhall ſee the whole Contrivance by which that vaſt Machine, the ***: 
Planetary Syſtem, is governed. 

The Law to be added to the reſt, is this. Al Bodies are mu- 4047. 
tually heavy (or gravitate) towards each other. | 

This Gravity is proportional to the Quantity of Matter. 4048. 

At unequal Diſtances it is inver/ly as the Square of the a” 4049- 

at 


4050. 


4051. 
* 148. 
40 52. 


* 361. 
365. 


4053. 


40554. 
* 586. 
3712. 
381. 
365. 
4055. 


* 586. 
8739- 305. 
4056. 
388. 3739. 
365. 
4057. 


4058, 


Mathematical Elements Book VT. 


That is, all Bodies mutually attract or tend towards each other, 
with the Force which belongs to each Particle of Matter acting 
upon each Particle; and the Force, with which a Body acts upon 
others, is compounded of the joint Forces of all the Particles of 
which the Body conſiſts; ſo this Force increaſes in the Pro- 
portion of the Quantity of Matter, and is unchangeable in eve 
Particle; it is always the ſame at the ſame Diſtance ; but the Dii- 
tance increaſing, the Force decreaſes as the Square of the Diſtance 
increaſes. 

We call this Force Gravity, when we confider a Body which of it- 
ſelf tends towards another; becauſe this Force is called by this Name 
near the Earth's Surface *. 

But when we confider a Body, towards which another tends, we call 
the Force Attraction. We mean the ſame Effect by theſe Names, 
and nothing but the Effect; for ſince all Gravity is reciprocal &, it 
is the ſame to ſay, all Bodies gravitate mutually towards one an- 
other, as that Bodies mutually attract one another, or mutually tend 
towards each other. 

We look upon this Effect as a Law of Nature *; becauſe it is 
conſtant, - and its Cauſe is unknown to us, and cannot be deduced 
from Laws that are known, as we ſhall ſhew by and by. Now 
that there is ſuch a Gravity, is to be proved from Phænomena. 

All the primary Planets are kept in their Orbits by Forces, which 
tend towards the Center of the Sun* ; therefore there is a Force by 
which the Planets are carried towards the Sun, and whereby the 
Sun tends reciprocally towards each of them *: That is, the Sun 
and Planets gravitate mutually towards each other. 

After the fame Manner it is plain, that the Satellites of Jupiter 
and Jupiter gravitate towards each other; as alſo that the Satellites 
75 Saturn gravitate towards their primary Planet, and that towards 

m K. | 

The Moon and the Earth alſo gravitate towards each other. 

All the ſecondary Planets gravitate towards the Sun. For they 
are all carried by a regular Motion about their primary Planets, as 
if the primary Planets were at reſt ; whence it is plain, that they 
are carried about by the common Motion with the primary Planets; 
that is, that the ſame Force, by which the primary Planets are 
every Moment carried towards the Sun, acts upon the ſecondary 


ones, and that they are carried towards the Sun with the ſame Cele- 
rity as the primary Planets. | 


Even 
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Even the Irregularities of the ſecondary Planets, which are ſo 40 5h. 
ſmall, as only to be ſenſible with reſpect to the Moon, confirm 
this Gravity of the ſecondary Planets towards the Sun; for we ſhall 
ſhew hereafter, that all the Irregularities are cauſed by the Change 
of the Moon's Gravity towards the Sun, at a different Diſtance ; 
and becauſe the Lines, in which the Earth and Moon tend towards 


the Sun, are not altogether parallel. 4060. 
From the Gravity of the ſecondary Planets towards the Sun, it 
follows, that the Sun gravitates towards them. * 361. 365. 


In reſpect of the Gravitation of the primary Planets towards one 4061. 
another, Aſtronomers have obſerved that Saturn changes its Wa 
a little when it is neareſt to Jupiter, which is far the greateſt of all 
the Planets ; ſo that it is plain from immediate Obſervations, that 
Jupiter and Saturn gravitate towards each other. 4062. 

Saturn alſo in this Caſe, as Flamnſteed has obſerved, diſturbs the 4063. 
Motion of the Satellites of Jupiter, attracting them a little to itſelf; 4064. 
which proves that theſe Satellites gravitate towards Saturn, and Sa- 4065. 
turn towards them. 

Having compared together all that has been ſaid from Ne 4o 54. 
to 4062. it follows, that the ſeventeen Bodies, of which the pla- 
netary Syſtem is made up, mutually gravitate towards each other, 
although no immediate Obſervations can be made concerning the 
Gravitation of each particular one towards the reſt *. £27 

The ſecond Part of the Law is &, that Gravity is proportional to 4066. 
the Quantity of Matter; that is, that all the Particles of Matter * 4048. 
gravitate towards each other; and therefore that the Law of Gra- 
vity is univerſal, and that every Body acts upon all other Bodies; 
which is deduced from Phænomena. 

The Forces of Gravity are as the Actions produced in the ſame 4067, 
Time *, and thoſe Actions, if the Tranſlations are equal, are to one * 126, 
another, as theQuantities of Matter in the Bodies transferred“; there- 131.132. 
fore ſince unequal Bodies at the fame diſtance from the attracting 
Body, move equally ſwift by Gravity *, it is evident, that the“ 49057. 
Forces of Gravity are proportional to the Quantity of Matter *, 

We find the fame in all Bodies near the Earth's Surface, which 4068. 
have a Gravitation towards the Earth, proportional to their Quan- 
tity of Matter x. 

But the mutual Gravity of all theſe Bodies towards on? another is 
not ſenſible ; becauſe it is excceding tmall in reſpect to their Gravity 
towards the Earth; and therefore cannot diſturb their Motion ariſing 
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from their Gravity towards the Earth; at leaſt, ſo as to make any 
ſenſible Change in the Direction of their Motions, | 
* We ſhall preſently ſhew, by another Method, that this univer- 


fal Gravity of all the Particles of Matter, whereby they act upon 


one another, may be proved from Phænomena “. 

The third Part of the Law, which we examine, 1s, that Gravity 
decreaſes when the Diſtance increaſes, and is inverſly as the Square 
of the Diſtances, which alſo follows from Phenomena. 

Bodies, upon which Gravity acts according to their Quantity of 
Matter, as in our Syſtem, are moved with an equal Celerity in the 
fame Circumſtances, as we ſaid before; ſo that it is no Matter, 
whether the Bodies are greater or leſs; and they are moved as if they 
were equal: But in this Caſe, if the Force towards a Point de- 
creafes in an inverſe Ratio of the Square of the Diſtance from that 
Point, and the Bodies move at various Diſtances from it, and are 
kept in Circles by that Force ; the Squares of the Periodical Times 
will be to one another, as the Cubes of the Diſtances . Which is 
demonſtrated by Geometers to obtain (in reſpe& of the mean Diſ- 
tances) in Elliptic Lines, whoſe Forces are directed to their Foc: *, 
But this is the Caſe in Bodies which revolve about the Sun, Saturn 
and Jupiter *; whence it follows, that the Force of Gravity, 
receding from the Centers of theſe Bodies, decreaſes in an inverſe 
Ratio of the Squares of the Diſtances, 

By this Reaſoning ſuppoſing Gravity proportional to the Quan- 
tity of Matter, we demonſtrate, that it decreaſes in an inverſe Ra- 
tio of the Square of the Diſtance. And by the ſame Reaſoning, 
ſuppoſing the Diminution of Gravity to be in this Proportion it fol- 
lows, that Gravity is proportional to the Quantity of Matter as is 
very evident. 

But we prove by another Argument, that the Diminution of Gra- 
vity ſo often mentioned, is in an inverſe Ratio of the Square of the 
Diſtance; ſo that there can remain no Doubt concerning the two 
Laws of Gravity, which we now treat of. 

The Planets are moved in Orbits at reſt * ; and are kept in them 
by Forces, which are directed to an excentric Point +; but it is 
plain, that this would not obtain, if the central Force did not in- 
creaſe in an inverſe Ratio of the Square of the Diſtance &. 

It follows from the fame Reaſoning, that receding from the 
Center of the Earth, Gravity decreaſes according to the ſame Law. 
For the Moon is retained in it's Orbit by a Force which tends 


towards the Center of the Earth, that is to an excentric Point 5 
and 
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and though the Line of the Apſides is not carried by a parallel Mo- 
tion, it's Agitation is ſo ſmall, if we conſider every Revolution, 
that it may be looked upon here as quieſcent : In the 16th Chapter 
we ſhall compute the Force which keeps the Moon in its Orbit fo 
agitated, and we ſhall find the Diminution of the Force of Gravity, 
in reſpect of the Moon, to differ very little from an inverſe Ratio 
of the Square of the Diſtance, and we ſhall ſhew hereafter, that this 
Difference depends upon the Action of the Sun. 

And no Doubt will remain concerning this Diminution, if we 
conſider, that the Moon is kept in it's Orbit by that very Force, 
wherewith Bodies are carried towards the Earth, near the Earth's 
Sur face; which is diminiſhed according to the Law of Diminution 
ſo often mentioned. 

The mean Diſtance of the Moon is 60: Semidiameters of the 
Earth: that is 60, 50. Let us ſuppoſe it to be 60, 522; which 
Correction is ſmall, if we conſider alſo that this that we ſuppoſe is 
a Mean between ſeveral mean Diſtances determined by different 
Aſtronomers. We have before ſhewn, that a Diameter of the 
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4070. 


Earth contains 3389940 Rhynland Perches* ; whence knowing the“ 4-50. 
periodical Time I, of the Moon, we eaſily diſcover that the Moon, + 4743. 


in one Minute of Time, goes through 196594 Rhynland Perches 
of her Orbit. This Arc is not the hundredth Part of one Degree, 
and may be looked upon as it's Subtenſe ; therefore the Diameter 
of it's Orbit is to this Arc; as the Arc itſelf is to it's verſed Sine, 
which is diſcovered to be of 15,6982 Rhynland Feet, and it is the 
Space which the Moon and Earth would go through in one Mi- 
nute, coming to one another by their mutual Attraction. 

But as we have obſerved, the Gravity of the Moon to the Earth 
is changed by the Sun's Action; and as we ſhall ſhew in the 16th 
Chapter, the Effect of the whole Action coincides with the Dimi- 
nution of the Gravity, which is to the Gravity itſelf, as 1 to 
180,66 ; wherefore the Space 15, 6982 mult be increaſed in that Pro- 
portion, that the Diminution from the Action of the Sun may be 
taken away, and then it will be 15,7851 Fect. 

The Space gone through by a Body which Gravity cauſes to 
come towards another, depends upon the Force by which it 1s at- 


tracted by it, all whoſe ſingle Particles of Matter attract it &; there- * 


fore the Spaces run through by the Moon and the Earth, in their 
Acceſs, are inverſely as the Quantity of Matter in them. There- 
tore as the Quantity of Matter in both the Bodies of the Moon and 
Earth together, is to the Quantity of Matter in the Earth; fo is the 
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Space run through by both in their mutual Acceſs, to the Way run 
through by the Moon alone. But the Quantities of Matter in the 
Moon and Earth, as we ſhall ſhew in the laſt Chapter, are to one 
another as 1 and 39,31., and 40,31, is to 39,31., as 15,7851, to 
15,3935., the Space run through by the Moon; which therefore 
any Body would go through toward the Earth in one Minute, ſet- 
ting out at the Diſtance of the Moon &. 

This Force increaſing in the inverſe Ratio of the Squares of the 
Diſtances, the Space run through at the fame Time at the Diſtance 
of one Semidiater of the Earth, that is in it's Surface, will be of 
60,522 & 60,522 X 15,3935 Feet; but becauſe in every Motion 
equably accelerated, as here, (for we conſider the Force at the Di- 
ſtance of the Surface of the Earth from it's Center) the Squares of 
the Times are, as the Spaces run through in their Fall *, dividing 
that Number by 60 x 60, that is 4600, we have the Space run 
through by a Body in a ſecond Minute near the Earth, by the Force 
with which the Moon is retained in it's Orbit, which is found to 
be 15,662 5 Rhynland Feet. | 

Now if we examine the Gravity which we experience every Day 
in all Bodies on the Surface of the Earth *; from what has been 
demonſtrated concerning the Motion of Pendulums 2, and by ve 
accurate Experiments made at Paris and in Lapland upon Pendu- 
lums, it appears, that Bodies under the Poles in one Second fall 
1 5,674.3 Rlynland Feet; and under the Æquator 1 5, 5966 Feet. 
But Bodies under the Æquator are directly puſhed upwards by the 
centrifugal Force; and as every Point of the Æquator in one Mi- 
nute goes through 1487, 44 Feet, as is certain from the known Time 
of the Revolution of the Earth, and the known Diameter of the 
Aquator, which we determine in the 17th Chapter, as alſo ſince 
the verſed Sine of that Arc is of O,0542 Feet, this Sine ſhews the 
Space, which Bodies aſcending by the centrifugal Force, in one 
Second would go through if they were not hindered by Gravity. 
Gravity 1s diminiſhed by the Action of that centrifugal Force, 
which being ſet aſide, Bodies under the. Æquator would in one 
Second run through 15,6508 Feet by Gravity. Therefore Bodies by 
Gravity which is a Mean between this Gravity and that at the Pole, 
will go through 15,6625 in Rhynland Feet in one Second. And 
this Gravity is the very ſame Force which retains the Moon in it's 
Orbit. 

We have conſidered the Centers of the Bodies in examining the 
Law of the Diminution of Gravity, although Gravity belongs to 99 

x * 
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the Particles of Bodies; becauſe it is plain by the Mathematical 
Demonſtration, which we ſhall give in the next Scholium, that the 4082. 
Action of a ſpherical Body (in which, in every Part, the Particles, 

that are equally diſtant from the Center, are homogeneous, and which 

is made up of Particles, towards which there is a Gravity that de- 

creaſes, receding from each of them in an inverſe Ratio of the Square 

of the Diſtance) is directed towards the Center of the Body, and re- 

ceding from it, is diminiſhed in the ſame inverſe Ratio of the Square 

of the Diſtance : So that ſuch a Body acts, as if all the Matter, of 

which it conſiſts, was collected in it's Center. Whence we de- 

duce the following Concluſions, 

That on the Surfaces of Bodies, in which the Matter is homogeneous 4083. 
at equal Diſtances from the Center, the Gravity is directly as the Quan- 
tity of Matter in the Bodies *, and inverſly as the Squares of the Dia- 4048. 
meter ; for in theſe Bodies the Diſtances from the Center are as T 4049. 
the Diameters. 

That on the Surfaces of Bodies that are ſpherical, homogeneous, and 4084. 
equal, the Gravities are, as the Denſities of the Bodies; for the 
Diſtances from the Center are equal ; in which Cafe the Forces of 
Gravity are as the Quantities of Matter * ; which in equal Bodies, 4048. 


, 


are as their Denſities 4. L 1463. 

That on the Surfaces of the Bodies, that are ſpherical, unequal, bo- 4085. 
mogeneous, and equally denſe, the Gravities are inverſly as the Squares 
of the Diameters, becauſe the Diſtances from the Center are in 
the Ratio of thoſe Diameters *, the Gravities alſo are directly as“ 4049. 
the Cubes of their Diameters +; for the Quantities of Matter in 4 4048. 
Spheres are in that Ratio“: And the Ratio compounded of that“ 18, El. 
dire& Ratio of the Cubes of the Diameters, and the inverſe Ratio xu. 
of the Squares, is the direct Ratio of the Diameters themſelves. 

Therefore if both the Denſities and the Diameters differ, the Gra- 4086. 
vities on the Surface will be in a Ratio compounded of the Denſities * * 4.084. 
and the Diameters t. Therefore dividing the Gravity on the Sur- 4085. 
face, by the Diameter, you will have the Denfity ; which conſc- 
quently 7s in a direct Ratio of the Gravity on the Surface, and an In- 4087. 
verfe Ratio of the Diameter. 

If a Body be placed in a Sphere that is homogeneous, hollow, and 4088, 
very where of the ſame Thickneſs, whereſoever it be placed it has no 
Gravity, the oppoſite Gravities mutually deſtroying one another, 
as we ſhall ſhew in the next Scholium : 

Whence it follows, that in an homogeneous Sphere, a Body, com- 
ing towards the Center, gravitates towards the Center only * the 
ion 
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Action of the Sphere, whoſe Semidiameter is the Diſtance of the 
Body from the Center, which Gravity decreaſes in coming toward; 
ibe Center, in the Ratio of the Diſtance from the Center *; for all 
Matter which 1s at a greater Diſtance from the Center, forms an 
hollow Sphere, in which the ſeveral Actions on a Body deſtroy 
each other *. | 

We have ſaid that the Gravity which we have hitherto ex- 
plained is to be taken for a Law of Nature, becauſe we don't know 
the Cauſe of it; and becauſe it depends upon no Cauſe that is 
known to us, which will evidently appear, if we attend to what 


follows. 


(Viz.) That Gravity requires the Preſence of the attracting Body; 
ſo the Satellites of Jupiter, ex. gr. gravitate towards Jupiter where- 
ſoever it be *. 

That the Diſtance remaining the ſame, the Celerity with which Bo- 
dies are carried by Gravity, depends upon the Quantity of Matter in 
the attracting Body * And that the Celerity is not changed, let the 
Maſs of the gravitating Body be what it vill. 

Beſides that, zf Gravity depends upon any known Law of Motion, it 
ought to be referred to a Stroke from an extraneous Body; and becauſe 
Gravity is continual, à continual Stroke would be required. 

If there be ſuch a Sort of Matter continually ſtriking againſt 
Bodies, it muſt of Neceſſity be fluid, and very ſubtile, ſo as to pe- 
netrate all Bodies; for Bodies, that are any how ſhut up in others, 
are heavy. 

Now let a Mathematician conſider, whether a Fluid fo ſubtile, 
as freely to penetrate the Pores of all Bodies, and ſo rare, as not 
ſenſibly to hinder the Motion of Bodies (for in a Place void of Air 
the Motion of a Pendulum will be continued very long) can impel 
vaſt Bodies towards one another with ſo much Force ? 

Let him explain how this Force increaſes in a Ratio of the Maſs 
of the body towards which another is carried “. 

Laſtly let him ſhew, what ſeems moſt difficult to me, how all 
Bodies, in any Situation whatſoever (if the Diſtance, and the Body 
towards which the Gravitation is, remain the ſame) are carried 
with the ſame Velocity *; that is how a Liquid which can only act 
on the Surfaces, either of the Bodies themſelves, or their internal 
Particles, to which it is not hindered from coming by the Interpo- 
ſition of other Particles, can communicate ſuch a Quantity of Mo- 
tion to Bodies which in all Bodies exactly follows the Proportion of 


the Quantity of Matter in them ; and which in this CT we 
1 ave 
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have proved to obtain every where in Gravity, and which we have 
demonſtrated by a direct Experiment in reſpec of the Gravity near 
the Earth's Surface *. * 2240.2252, 
Yet we don't ſay, that Gravity does not depend upon any Stroke, 4099. 
but that it does not follow from that Stroke, according to any Laws 
known to us, and we confeſs that we are intirely ignorant of the 
Cauſe of Gravity. 


SCHOLIUM. 
Of Gravity towards a Sphere, whether ſolid or hollow. 


E IT us ſuppoſe the Particle of Matter A to be attracted by an hol- 4100. 
low Sphere HPN, which is homogeneous and every where of the Plate 126. 
ſame Thickneſs, whoſe Center is C; let us ſuppoſe alſo, that all the Par- Fig. 1. 
ticles of Matter of which the Sphere conſiſts, draw the Particle A accord- 
ing to the Laws of Gravity above mentioned *. We ſhall demonſtrate, * 4047. 
that the Attraction is the ſame, whether the Sphere be greater or leſs, 4048. 
provided it contains the ſame Quantity of Matter, and has the ſame 4049. 
Center. 
Let C be that Center, as we have ſaid; HN the Diameter of the 4101, 
Sphere, having drawn at Pleaſure the Lines AP, a p, containing an in- 
finitely ſmall Angle, we conceive that ey have a Rotation about the 
Axis AC, and, while they run over the Surfaces of Cones, that they deter- 
mine in the Surface of the Sphere a Ring, whoſe Semidiameter is BG, 
and Breadth B 5: we alſo "nates that the Thickneſs is inverſely as the 
Surface of the Sphere; that is inverſely as the Square of the Radius BC; 
becauſe we ſuppoſe that having changed the Sphere, the ſame Quantity 
of Matter remains; ſo that the Thickneſs is increaſed as the Diameter of 
the Sphere is diminiſhed. 


The Quantity of Matter, in that Ring, 1s then as — 5 5 The e 
Force by which the Ring attracts to itſelf the Particle A is in that Ratio“, * 4043. 
BSN BG 


and inverſely as the Square of the Diſtance B A + ; wherefore BCN BA: T 4049. 


would expreſs the Force of the Ring, if that Force was not oblique ; but 
by Reaſon of the Obliquity it is leſs in the Ratio of AB to AG *, or “* 311. 
AC to AD, having drawn CD perpendicular to AP. 
For the rectangular Triangles AC D, AB G, which have a common 
Angle at A, are ſimilar *. Therefore we may expreſs thus the Force of“ 4 EL 6. 
BbxBGx AD | 4104. 


the Ri 
es AB*xBC*x AC 
Let us conceive the Sphere, keeping the ſame Center and Quantity 4105. 


of Matter, to be diminiſh'd ſo that the Diameter may become IM; now 
drawing 
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raving the Lines AQ, Ag, containing a ſmall Angle; and having 


made them move round, as we faid of AP, Ap, we cut off a Ring 

whoſe Radius is FL, and it's Breadth F f, the Thickneſs inverſely as the 

Square of the Semidiameter FC ; and the whole Force with which the Ring 

will attract the Particle A, drawing CE perpendicular to A Q, will be as 

FfxFLxAE, | 

AFXCF**XAC | 
Now if the Arcs BP, FQ, as alſo bp, F , are ſimilar, it will appear 

by the following Demonſtration that the Forces of the ſaid Rings are equal. 
Becaule of the infinitely ſmall Angle PA p, the Line CD, which is per. 

pendicular to BP, is alſo looked upon as perpendicular to 5; ſo alſo 

CE, or Ce, is looked upon as perpendicular to fq; and, becauſe in 

thoſe different Circles the Chords are correſpondent *, therefore the Per 

pendiculars on them from the Center are proportional ; 

That is, CD; e:: CH,Ct 

By Diviſion and Altern. CD, CE :: Dd, Ee. 

We have beſides CD, AC :: BG, AB®. 

As likewiſe AN, SE:: AF, FL: 

Whence by joining theRatios CD, CE, or CB, CF* :: BG AF, ABxFL. 


Therefore CBx ABx FL =CF x BG x AF ; whence ED. FL 


ABxCB © AFxCF* 
FIL. 
and — — 


APExXCE AF xCF* 

We ſuppoſe the little Arches hm, fn deſcribed with the Center A, and 
we have four ſimilar Triangles DCB, ECF, m Bb, and »Ff. They 
are all rectangular, and the greater are ſimilar becauſe of the correſpon- 
dent Chords BP, FQ; for the ſame Cauſe the Angles m Bb and »F f 
are equal, and the leſſer Triangles are ſimilar : Likewiſe each ſmaller is 
ſimilar to it's greater ; for, becauſe of the right Angle CB 6, the Angles 
CBD, BM taken together are equal to a right one; to a right one 


« likewiſe is equal the Sum of the Angles CBD, B CD *, therefore the 


Angles 5B m and BCD are equal. 
Theſe Things being ſuppoſed, the Ratio of Bb to F/, which is the 
ſame as the Ratio of , to Vn, will be compounded of the following, 
bm, Dad: : AB, AD; 
Dd, Ee :: CD, CE :; BG xAF, ABx FL“; 
Ee, f#:::; AB; &Þ | 
Therefore 5m, fn : : Bb, FF:: AB x BG AFx AE, ADx ABxFL x AF:: 
BGx AF, ADxFL and 
_B&bx ADxFL = FfxBGx AE 
Now if we multiply this Equation by the foregoing *, the firſt Mem- 
ber by the firſt Member, and the ſecond by the ſecond, and divide both 
the Members of this new Equation by BG x FL x AC, we ſhall have 
what was to be demonſtrated, namely 
BYx BG x AD FfrxFLxAE 


AB*xBC*xAC©AF*xCF*x AC* it 
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It is plain by a like Demonſtration, that two oppoſite Rings, whoſe 
Breadths are Pp, Q, do alſo qual attract the Particle A ; which 


might be demonſtrated another Way; for Rings made at the ſame Time 
in the ſame Sphere, as B, Pp, act alſo equally on the Particle A. 

Having drawn many Lines as AP, or rather multiplying their Num- 
ber infinitely, a whole Sphere HP N, may be divided into Rings by the 
Revolution of thoſe Lines ; then if we conceive a ſecond Sphere to be di- 
vided into an equal Number of Rings by the Revolution of ſuch Lines as 
AQ, which every one cut off an Arc ſimilar to that, which a corre- 
ſpondent Line cuts off in a greater Sphere; each Ring in the leaſt Sphere 
will act equally with it's Correſpondent in the greater. 

Whence it follows, that the whole Action of a ſmaller Sphere agrees 
with the whole Action of a greater; and this Action is the ſame how- 
ever the Sphere be diminiſhed, if the Fran of Matter remains; there- 
fore the Matter acts as if it was condenſed into the Center. 

The ſame Thing will happen, F the Sphere be ſolid, and of the ſame 
Denſity every where, at the ſame Diſtance from the Center. For ſuch a 
Sphere may be taken for a Congeries of hollow and concentrick Spheres, 
and like thoſe that we have treated of. 

The Propoſition of Ne 4082 being demonſtrated, we paſs on to the 
Demonſtration of 4088. We ſuppoſe the Particle A in the h 


4115. 


4116. 


41 17 


4118. 


ollow Es 116. 


made of homogeneous Matter, and every where of the ſame Thickneſs, Fig. 4. 


to be ſhut up and put into a Place. 
Let us ſuppoſe two oppoſite Pyramids in the Vertex BA, AF. 


The Triangles AB“ and AF f are ſimilar , and AB or A, is to Af 35 El. 3. 


or AF, (for we ſuppoſe that the Lines B F, / contain an Angle infinitely 
ſmall) as Bb to Ff: for from that Similitude of the Triangles it fol- 
lows that the Pyramids are equally inclined to their Baſes, and therefore 
that the Baſes are ſimilar, and to one another in a duplicate Ratio of the 


6 El. 6. 


Lines Bb, Ff*, or AB, AF; but theſe Baſes are alſo as the Quanti- * 20 El. 6. 


ties of Matter in them ; therefore the Particle A 1s drawn to the oppoſite 
Parts by Actions, which are directly in a duplicate Ratio of the Lines 


AB, AF“, and inverſely in the ſame Ratio; ſo that the oppoſite Forces“ 4048 40 


are equal, and mutually deſtroy one another; therefore as the whole Sur- 
face of a Sphere may be divided into the Baſes of oppoſite Pyramids, 
which will all have A for their common Vertex, it follows that all the 
oppoſite Actions of a Sphere deſtroy one another mutually, and that a 
Particle of Matter may be at reſt in any Part of fuch a Sphere. 


Vor. II. Uu CHAP. 
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CHAP. XII. 


Of the Celeftlial Matter; where a Vacuum is 
proved. 


AVING explained the Laws whereby the whole planetary 
Syſtem is governed, ſeveral Things muſt be firſt laid down 
before we proceed to the phyſical Explication of the Syſtem. We 
muſt begin by faying ſomething of the Celeſtial Matter, that is of 
the Medium in which the Bodies that make up the Syſtem are 
moved, which would be done in few Words, if all Philoſophers 
agreed that there is a Vacuum. 
We have before proved that a Vacuum is poſſible “; now we 
are to demonſtrate that there is really one. | 
From only confidering Motion we can deduce a Vacuum; and this is 
a very common and uſual Way of proving it ; to ſee the Force of 
which Argument, we muſt conſider, that indeed all Motions are 
not impoſſible without a Vacuum, but moſt of thoſe which are daily 
obſerved ; which might be fully evinced by a longer Diſcuſſion; 
But it ſeems to me to be ſo evident from the following Conſide- 
ration, that it would be uſeleſs to add much more. | 
The Figure of the leaſt Particles is unchangeable ; for the Particle, 
whoſe Figure may be changed, confiſts of ſmaller Particles, which 
are moved in reſpect to each other; and therefore if it has a change- 


able Figure, it is not one of the leaſt Parts. 


Bat if the Figure of theſe Particles be unchangeable, and a Body 
can move between them without ſuch a Separation of the Particles 
as to leave a void Space, this will depend on the Figure of the 
Particles, and the Relation which they have to one another, which 
a Mathematician will not deny. Therefore, if keeping Things in 
this State (as to their Figure andRelation) the Particles are increaſed, 
even in that Caſe Bodies may be moved without a Vacuum. 

Now ſuppoſing the ſmalleſt Particles increaſed to the Bigneſs of 
a Cubic Foot, whatever be their Figure and Relation with the other 
Parts, which we ſuppoſe increaſed in the fame Proportion as the 
firſt ; let any one conſider, whether Bodies of any Bigneſs can be 
carried between thoſe Parts in right Lines, and in all Sorts of Curves, 
and yet never ſeparate the Particles ſo as to leave Vacuities between 
them. | We 
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We cannot conceive how the moſt ſubtile Parts are made, and 
therefore often attribute to them ſuch Properties as do not follow 


from their Figure; but theſe Errors will be corrected, by imagining 
the Particles increaſed. 


We allo prove a Vacuum by an Argument taken from Reſiſtance. 124. 
We have ſaid that Matter is inactive * ; ſome diſpute about the 42572 


Word, but no Man denies the Thing; whence it follows that a “ 19. 
Body cannot move through a Fluid, without undergoing a Reſiſt- 


ance *, and conſequently Retardation +, The Reſiſtance ariſing * 1885. 
from the Inertia of the Matter (which Refiſtance alone is here con- Þ 1953. 


fidered) depends upon the Quantity of Matter to be removed out 
of it's Place, which is the ſame whether the Parts of a Fluid be 
greater or leſs, if the Celerity of the Body remains the ſame : 
Whence it follows, that in determining what relates to the Re- 
ſiſtance, we muſt have no Regard to the Subtilty of the Fluid, as 
long as it cannot go through the Pores of Bodies; for if we 
come to ſuch a Fineneſs of Parts, that a Fluid ſhall partly pene- 
trate a Body, it will leſs reſiſt the Body. 


Now let us ſuppoſe any Ball or ſpheric Body to be moved along 4.126. 


in a Medium of the ſame Denſity as itſelf, and fo cloſe, that the 
Parts of the Medium cannot paſs through the Pores of the Body ; 
this Body will be retarded every Moment, fo that it's Velocity at 

laſt will be reduced to half; as may be proved by a Mathematical 
Demonſtration) before the Body has gone through the Length of it's 


Diameter and the half of it “. 9 


In Order to apply this Propoſition to a Motion in a very ſubtile 4127. 
Fluid, which freely penetrates the Pores of all Bodies, and fills all 
Places, we muſt conceive a ſpherical Body without any Pores at 
all; and that ſuch a Body may be ſuppoſed by imagining all the 
Particles of Matter cloſely joined, no Body will deny. 
That the Reſiſtance of ſuch a Body in any Fluid does not de- 
pend upon the Bigneſs of the Parts of the Fluid, and is the fame 
whether the Parts of the Fluid be equal, or any how unequal, is 
evident *. ®. 4120; 
If every Thing be full of Matter, this Body can only move through 
a Fluid of the ſame Denſity as itſelf; for it muſt run againſt all the 
Matter which is in thoſe Places through which it paſſes, and in 
them the Matter is without Interſtices as it is in the Body ; there- 
fore it will loſe half it's Velocity, before it has run through the 


Length of it's Diameter and an half. 
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Now let us ſuppoſe the Body to be increaſed, the Quantity of 
Matter remaining the ſame, and the Body continuing homoge- 
neous ; that is, let there be Pores in the Body, through which the 
molt ſubtile Particles of Matter may paſs very freely; and let theſe 
Pores be equally diſperſed all over the Body. It the Body, thus 
changed, be moved, the very ſubtile Fluid, of which we ſpeak, 
will not run againſt the whole Surface, but only thoſe Parts of the 
Surface which are between the Pores, which Parts being taken 
together, becauſe we ſuppoſe the Body homogeneous, are equal 
to the Surface of the Body in the firſt Suppoſition, when we con- 
ceived it to be without Pores; for the Body being increaſed, the 
Surface has not been changed but only dilated by the Interpoſition 
of Pores: So that in both Caſes the Body will undergo the ſame 
Reſiſtance from the Impulſe upon the Surface ; and the Reſiſtance 
on the dilated Body is greater from the Fluid running againſt the 
internal Parts of the Body. Wherefore this Body will ſooner loſe 
half it's Motion in the ſecond, than in the firſt Caſe ; that is, be- 
fore it has run through the Length of one Diameter and an half of 
the firſt ſuppoſed Bigneſs ; and therefore it loſes a greater Quantity 
of Motion, in going through one and an half Diameters of the Big- 
neſs ſuppoſed in the ſecond Caſe. 

But this is contrary to Experience ; for a homogeneous Ball of 
Gold, or Lead, &c. is much leſs retarded than what we have men- 
tioned, in Water or Air ; whence it follows, that the Suppoſition, 


that all Things are full of Matter, is falſe. Therefore there is a 


Vacuum. | 

That there is a Vacuum does alſo agree with the Phenomena re- 
lating to Gravity; by which it follows that it is proportional to the 
Quantity of Matter. If all was full of Matter, Gravity would act 
equally every Way, and the Forces which are directed towards op- 
poſite Parts would deſtroy one another; and therefore no ſenſible 
Gravity would be obſerved : This Conſideration confirms that there 
is a Vacuum, and illuſtrates the Aſſertion; but is not alone ſuffi- 
cient to prove it. ; 

Theſe Things being premiſed, we muſt return to the Celeſtial 
Matter. 

The Motions of the heavenly Bodies do not depend upon the 
Motion of the Celeſtial Matter if there be ſuch a Matter *; where- 
by is qverthrown the Opinion of thoſe which ſay that the heavenly Bo- 
dies are carried along by the common Motion of the Matter which fills 


our Sy/tem. 
of This 
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This Opinion is alſo overthrown by the Motion of the Comets; 4132. 
if there was a Medium in the Syſtem which carried about the Pla- 
nets in it's Motion, and alſo the Comets, it would at leaſt ſenſibly 
diſturb theſe laſt in their Motions, whilſt they come almoſt directly 
towards the Sun, or directly recede from it, or are carried in Au- 
tecedentia; that is, in a Motion contrary to the Motion of that Mat- 
ter : Now as this Motion is not diſturbed, but follows the Way 
which depends upon Gravity, as it is obſerved, it is plain, that if 
there be any Celeſtial Matter, and that is in Motion, it does not 
exert a ſenſible Action on the Bodies of the planetary Syſtem, 
which 1s alſo deduced from the ſmall Reſiſtance of ſuch a Medium; 
for by comparing the moſt ancient Obſervations with the modern, it 4133. 
does not appear that the Planets are ſenſibly retarded in their Motions. 
Yet in Air the Reſiſtance is ſenſible ; wherefore the Denſity of the 
Medium in which the Planets ſhould move, muſt be almoſt im- 
menſly leſs; Therefore the planetary Syſtem is not filled, unleſs it be 4134. 
by ſuch à very ſubtile Medium. 
But we may from the Diviſibility of Matter deduce, that a Quan- 
tity of Matter, how ſmall ſoever it be, may be diſperſed all over 
the planetary Syſtem, leaving but very ſmall Interſtices *. * 


S HAF. . 
Concerning the Motion of the Earth. 


ü ESIDES the Queſtion that has been handled in the fore- 417355 
B going Chapter, there is alſo another to be examined, before 
we proceed to the Explication of the whole Syſtem. = 
That no Doubt may be made concerning the Syſtem, which 
has been explained in the firſt Chapter of this Book, we muſt here 
prove the Motion of the Earth concerning which it is no Wonder 
that many have doubted; for the Celeſtial Motions cannot be de- 
termined by us but by Obſervations made by Obſervers on theEarth ; 
and the ſame Phænomena appear whether the Bodies themſelves be 
moved, or the Spectator be moved *“; fo that it is not to be proved * 3776, 
by immediate Obſervations, whether the Motion of the Earth is to 
be referred to the heavenly Bodies or not. 
That the Earth is carried about the Sun, is deduced from the Analogy 4136. 
of the Motions, and from an Examen of the Laws of Nature, 
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As to what relates to the Analogy of the Motions, it is to be 
obſerved, that Satellites revolve about Jupiter and Saturn, which 
are leſs than the central Body; that the Moon revolves about the 
Earth, than which it is leſs; /a/tly, That the Sun has revolving 
about it leſs Bodies than itſelf, as Mercury, Venus, Mars, Fupiter, and 
Saturn : Now if the Earth revolves with the reſt, then every where 
in our Syſtem the leſſer Bodies move about" the greater; now there 
would be an Exception in the Rule in reſpect of the Sun, if that vaſt 
Body was to go round jo ſmall a_ Body as the Earth x. 

About the Sun, Jupiter and Saturn, about which ſeveral Bodies 
revolve, thoſe move the ſloweſt which are moſt diſtant from the cen- 
tral Body, and according to this Rule, that the Squares of the perio- 
dical Times follow the Ratio of the Cubes of the Diſtances * 
which Rule may be applied to the Earth, if it be carried about the 
Sun with the reſt of the Planets, as appears, if it's periodical Time, 
(namely the Time in which the Sun appears to perform an intire 
Revolution) and it's Diſtance from the Sun be compared with the 
Diſtances and penodical Times of the reſt of the Planets. 

Now the Rule has only one Exception if the Sun be moved about, 
and the Earth is at reſt. | 

In this Caſe Mercury, Venus, Mars, Jupiter, and Saturn, are 
ſubject to this Rule in their Motions, as alſo the five Satellites of 


Saturn and the four Planets that accompany Jupiter; only the Moon 


and the Sun would move the Earth in a Proportion quite different ; 
and then the Celerity of the Sun would not only be greater than is 
required by this Law, but it's Velocity would at leaſt be fix and 
twenty Times greater than that of the Moon, though it be re- 
moved to a vaſt Diſtance from the Earth, in reſpect to the Moon's 
Diſtance : And therefore in this reſpe&, the Analogy of the Ce- 
leſtial Motions would be diſturbed. 

To theſe Arguments I ſhall add others, whereby it will clearly 
appear, that the Motion of the Earth is a neceſſary Conſequence 
of the Laws of Nature, which are deduced from Phenomena. 

All Bodies gravitate towards one another *, therefore the Sun and 


Earth do; but the Motion, whereby theſe Bodies tend towards one 


another, is deduced from direct Obſervations. Whichſoever of theſe 


Bodies moves about the other, deſcribes Areas by Lines drawn to 


the Center of it proportional to the Times which is evident from 
Aſtronomical Obſervations; therefore the Body moved is retained 
in a Curve by a Force, which is directed towards the Center of the 
other x. Now as Reaction is always equal to Action , _ the 
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Laws of Nature, which obtain conſtantly every where, be holly over - 
turned, theſe two Bodies tend towards one another with Celerities 


that are inverſly as their Maſſes *, * 4092. 


* The Quantity of Matter in the Earth is next to nothing, in Com- 
pariſon to the Quantity of Matter in the Sun, as we ſhall ſhew in 
the following Chapter; wherefore the Sun muſt move very ſlowly 
bil the Earth comes towards it very fwiftly. 


Whence it follows, that the Earth is carried about the Sun, leſt it 4143 


ſhould fall upon the Sun by that very violent Motion whereby it 
is retained in it's Orbit *. * 561. 


This Motion of the Earth is alſo deduced from the fame Prin- 4144. 


ciples another Way. | 
Two Bodies that are carried towards one another by any Force, 
will at laſt concur, or continually recede from one another, unleſs 
each of them be ſo moved, as to have a centrifugal Force equal to 
the Force whereby it is carried towards the other Body ; but as the 
Bodies which gravitate towards one another, tend towards each 


other with equal Preſſions *, theſe Bodies cannot perſevere in their * 361. 


Motions about one another, unleſs both of them be ſo moved as to 4145. 


have equal centrifugal Forces, which does not happen, unleſs they 
both revolve in equal Times about their common Center of Gra- 
vity ; that is, if this Propoſition be applied to he Sun and Earth, 
unleſs they both move about a Point, whoſe Diſtance from the Center of 
the Sun is to it's Diſtance from the Center of the Earth, as the Quan- 
tity of Matter in the Earth 1s to the Quantity of Matter in the Sun, 


they cannot perſevere in their Motions about one another Xx. This Point“ 611. 613. 


or Center of Gravity muſt of Conſequence be very near to the 
Sun's Center. Now fince whichſoever of theſe Bodies moves, it 
perſeveres in it's Motion about the other, it follows, that both of 
them are affected by the Motions abovementioned ; and that the 
Sun is moved but a little whilft the Earth deſcribes a very great 
Orbit. Whence it follows, that the Motion of the Earth cannot be 
denied by any one, who reaſons from the Laws of Motion that are 
deduced from Phænomena. 
Having proved the annual Motion of the Earth, and brought 4146. 
back the Earth amongſt the Planets, there remains but little Dif- 
ficulty in Relation to the Motion of it abort it's Axis; for no Body, 4147- 
that believes the annual Motion, doubts of this; a great many, 
which allow of the Moticns about the Axis, deny the annual Mo- 
tion ; therefore it will be enough to obſerve by the by, that all the 
Planets, concerning which any Obſervations could be made ” re- 
pect 
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ſpect of this Motion, do move about their Axes; and that the 


Earth has ſuch a Motion, the uniform diurnal Motion in Bodies, at 
any Diſtances, does plainly enough ſhew, 
To which we muſt add, that the Celerity of the fixed Stars go- 
ing through one Revolution in leſs than 24 Hours, can hardly be 
more probable than it is conceivable. 

This Motion is alſo diſagreeable to the Nature of all the heavenly 
Bodies; for, :f they are carried round, they muſt every Day, with 
an equable Motion, deſcribe Circles that have the Earth for their 
Center ; that is they muſt, by Lines drawn to the Center of the 
Earth, ſweep through Area's proportionable to the Times, and be 
retained in their Orbits by Forces which are directed towards the 
Center of the Earth *, and by which (by reaſon that Action and 
Reaction + are equal) the Earth muſt alſo be continually attracted 
towards thoſe Bodies; ſo that it muſt neceſſarily be agitated by a very 
violent Motion; whence it appears that the diurnal Motion muſt not 
be referred to the heavenly Bodies, but to the Rotation of the Earth 


about it's Axis. 


Thoſe, that obſtinately affirm that the Earth is at Reſt, object 
that Bodies, upon the Surface of the Earth, muſt (on account of 
their centrifugal Force) recede from the Earth along a Tangent to 
a Circle parallel to the Æquator . We anſwer, that the Bodies 
in the Places, where they are, are carried round with the fame 
Motion as the Surface of the Earth ; and therefore, that, in reſpe& 
of the Points of the Surface, they endeavour to recede in Lines per- 
pendicular to the Axis *; but alſo that Bodies by Gravity tend to 
the Center of the Earth + ; and therefore by a Motion compounded 
of both theſe, the Body is continually moved, or endeavours to 
move *, but becauſe the firſt Motion is extremely ſmall in 
reſpect of the other, a heavy Body is turned but very little out 
of it's Direction towards the Center, and the Gravity is a little 
diminiſhed, ſo much the more as the Place is more diſtant from 
the Pole; which agrees with Experience. We ſhall hereafter 
ſhew, when we come to ſpeak of the Figure of the Earth, that 
the abovementioned Direction of heavy Bodies is every where 


directed perpendicularly to the Surface of the Earth ; which 1s not 
exactly ſpherical. | 


A Body which is thrown upwards, is acted upon, not only by 


the Motion wherewith it is thrown up ; but it is alſo carried by the 
Motion that is impreſſed to the Perſon or Machine that impels the 


Body ; that 1s, it is carried by the Motion which is common _ 
the 
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the Surface of the Earth; and therefore the Body moves in the 


fame Line (the Line being carried on with the Surface of the Earth) 
as it would do if the Earth was at reſt. | 


G1 AP:  A1V, 
Concerning the Denſity of the Planets. 


EFORE we proceed to the phyſical Explanation of the 
Syſtem, we muſt determine the Quantities of Matter in ſome 
Bodies, and their Denſities; which being known, the Effects of the 
Laws, by which theſe Bodies are governed, will more eaſily ap- 


4151, 


The Quantities of Matter, in different Bodies, are to one an- 4152. 
other, as the Gravities at the ſame Diſtance from theſe Bodies &; 4048. 
which Gravities are to one another inverſly as the Squares of the 
periodical Times of the Bodies revolving about thoſe different Bo- 
dies at the fame Diſtance *. By multiplying the Quantities which * 616. 
are in this Ratio, by the ſame Quantity, (v/z.) by the Cube of this 
Diſtance, the Ratio of theſe Quantities will not be changed ; which 
are therefore to one another as the Quotients of the Diviſions of 
the abovementioned Cube, by the Squares of the periodical Times 
aforeſaid : But the Quotient of ſuch a Diviſion is found for any 
Body, by dividing the Cube of the other Diſtance, let it be what 
it will, by the Square of the periodical Time of the Body revolv- 
ing at that Diſtance ; for ſuch Quotients are equal to one another, 
for all Bodies that revolve about the ſame Body at any Diſtances ; 
as follows from the Equality of the Ratio between the Cubes of the 
Diſtances, and the Squares of the periodical Times at thoſe Diſtances*, x 3747. 
From which we deduce, that the Quantities of Matter, in any Bodies 4153. 
in our Syſtem, are to one another directiy as the Cubes of the Diſtances 
at which other Bodies revolve about theſe, and inverſly as the Squares of 
the periodical Times of theſe revolving Bodies. 

Theſe Things are demonſtrated by ſetting aſide the Agitation 41 54. 
of the central Body, whoſe Quantity of Matter is ſought 

By reaſon of the Sun's Magnitude, in Reſpe& of Venus“ (for ex.) * 3748. 
which alone we conſider of the Planets, the Sun is ſcarce moved 
by the Action of that Planet . And Venus may be conſidered as * 4092. 
moving about a quieſcent Body. 


Vor, II. X The 


338 Mathematical Elements Book VI. 


+ The Satellites of Jupiter and Saturn are indeed carried by the 
common Motion along with the primary Planets, but by reaſon of 
the Magnitude of the primary Planets, they are carried about them 
as about Bodies that are at Reſt. 
4155. But the Moon acts ſenſibly enough upon the Earth and moves 
it ; wherefore before we can compute the Motion of the Moon b 
* 4153. the Help of the aforeſaid Rule “, in order to compare the Quan- 
tity of Matter in the Earth, with the Quantity of Matter in the 
Sun, Jupiter and Saturn, we muſt determine the Diſtance at which 
4156: the Mecon «would move about the Earth, if it was at Reſt, (that is, 
not carried about by the Action of the Mcon,) in the ſame periodical 
Time in which it now performs it's Revolution. Here alſo we don't 
take Notice of the Motion that is common to the Earth and Moon, 
by which they are both carried about the Sun. 
4157. The Moon perſeveres in it's Motion about the Earth; there- 
fore the Earth and Moon are moved about a common Center of 
Gravity ; as follows from what has been demonſtrated concerning 
* 4145. the Earth and the Sun“, and the Moon (with that Force with 
which it tends towards the Earth) revolves in an Orbit whoſe Se- 
midiameter is the Diſtance of the Moon from the aforeſaid common 
Center of Gravity of the Moon and the Earth. 
If the Earth was at Reſt, and the Moon continued at it's Di- 
{tance from it, the Moon would move in a greater Orbit, and it's 
periodical Time would be greater; but the Moon being brought 
ſo much nearer as to have it's Center at xt Semidiameters Diſtance 
from the Earth, the periodical Time would be the fame as the Time 
of the Revolution about the abovementioned Center of Gravity, as 
we ſhall demonſtrate in the next Scholium. 
Theſe Things being premiſed, we proceed to the Computation, 
4158. The Diſtance of Venus from the Center of the Sun is 723, and 
* 3728. it's periodical Time is 19414 160K. 
4159. The fourth Satellite of Jupiter is diſtant from the Center of Ju- 
piter, 12,4775. ſuch Parts of which Venus is diſtant from the Sun 
* 3744. 723. The periodical Time of this Satellite is 1441929" *. 
4160. The fourth Satellite of Saturn is diſtant from the Center of 
| Saturn 8, 5 107 of the ſame Parts, and it's periodical Time 
* 2 7 
5745. 13779074 
4161. Laſtly, the Diſtance of the Moon is 60 Semidiameters of the 
Earth from it's Center, and 3,054 of the aforeſaid Parts. It's 
* 3743. mean periodical Time is 23460580” *. | 
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Squares of their periodical Times, you will have in the Quotients, 
Numbers which are to one another as the Quantities of Matter in 
the aforeſaid Central Bodies * ; which Quotients are to one another 
as the following Numbers : except the Earth concerning which 
we muſt have a Correction; becauſe, as we have already obſerved *, 
the Gravity of the Moon towards the Earth, is by the Sun's Action 
diminiſhed #27 ; therefore the Quantity of Matter diſcovered 
was to be increaſed in the Ratio of 17966 to 18066, which we 


have done. 

Quantities & In the Sun. In Jupiter. In Saturn, In the Earth. In the Moon. 

of Matter. } 10000. 95305. 3,230. O, 0312. O,001 3. 
We have alſo the Proportion of the Diameters of theſe Bodies 


from Aſtronomical Obſervations, as follows. 
1 Of the Sun. Of Jupiter. Of Saturn. Of the Earth, 
_ T0000. 997. e 109. 
If the Quantities of Matter aboveſaid be divided by the Squares 
of the Diameters, the Quotients will be to one another as the 


Weights on the Surfaces of the aforeſaid Bodies * ; and theſe Quo- 


tients are as the following Numbers. 

Gravities on 5 Of the Sun. Of Fupiter. Of Saturn, Of the Earth. Of the Moon, 
the Surfaces. 1000. 936. 319. 431. 146. 

If you divide theſe Numbers by the Diameters, you will have 
the Proportion of the Denſities of thoſe Bodies *. 


The Quotients, found by theſe Diviſions, are as the following 


Numbers. 

W Of the Sun. Of Jupiter. Of Saturn. Of the Earth. Of zbe Moon. 
I 0000. 9385. 6567. 39539. 48911. 

We ſhall determine what relates to the Moon in the laſt Chap- 

ter, but we have added what we have done here, the better to 

compare it with the reſt. 

It is not probable that the aforeſaid Bodies are homogencous, 
from whence it follows, that the Denſities cannot be exactly de- 
termined, wherefore we only determine the mean Denſities, that is, 
which the Bodies would have if the ſame Bodies keeping the ſame Quan- 
tity of Matter and Bulk which they now have, ſhould become homs- 
geneous. | 
The abovementioned Proportion * between the Denſities in reſpect of 
all the Bodies, and the reſt of the Computations in reſpect of the Sun, Ju- 
piter, and Saturn, are free from any ſenſible Error ; when they are 
compared with the Earth, there may be ſome Error, which mult be 
corrected by Obſervations to be made hereafter, by which the Di- 

AX 2 ſtance 


If you divide the Cubes of theſe Diſtances reſpectively by the 


339 
4162. 


4183. 


* 4077. 


4103, 
4164. 


4165. 
* 4083. 
4166. 


4167. 
* 4087, 


4168. 


4169. 


4170. 


4171. 


340 


4173. 


Mathematical Elements Book VI. 


ftance of the Earth from the Sun will be more accurately de. 
termined. 

Suppoſe the Diſtance of the Moon (which is 60 Semidiameters 
of the Earth) to be 3, 054 ſuch Parts, of which Venus is diſtant 


* 4161. from the Sun 723, that is, of which the Earth is diſtant from 
t 3728-3729. the Sun 1000 | ; which Diſtance of the Moon is diſcovered by 


* 3925. 
4174. 


* 4162.4166. 


1176. 


479. 


7 


cannot be looked upon as abſolutely true, although it be deduced 
from the moſt exact Obſervations that have hitherto been made, of 
the Parallax of Mars, when it is neareſt of all to the Earth, which 
is too ſmall to leave us without Suſpicion of ſome Miſtake #, 

But the Error in not determining truly the Proportion between 
the Semidiameter of the Earth and the Diſtance from the Sun, does 
not change the determined Denſity of the Earth, as is deduced 
from Computations made about it “. 

For it follows from theſe, that the Denſities of Bodies are to 


ſuppoſing the Horizontal Parallax of the Sun 10", 30“, which 


one another in a Ratio compounded of the direct Ratio of the 


Cubes of the Diſtances of the Bodies carried about, and the inverſe 


Ratio of the Squares of the periodical Times of theſe revolving 
Bodies *, as alſo of the inverſe Ratio of the Cubes of the Diameters 


of the central Bodies whoſe Denſities are required + ; the Ratio 


compounded of theſe is compounded of the direct Ratio of a 
Fraction whoſe Numerator is the Cube of the Diſtance of the re- 
volving Body, and whoſe Denominator is the Cube of the Dia- 
meter of the central Body, and the inverſe Ratio of the Square of 
the periodical Time of the Body carried about, 

But you have ſuch a Fraction, if you know the Ratio between 
the Diameter of the central Body and the Diſtance of the revolving 
Body from that Center, although this Diſtance can be compared 
with no other; but this Ratio is given in reſpe& of the Earth and 
Moon, as well as in reſpect of the other Bodies; wherefore alſo the 
Ratio of the Denſity of the Earth to the Denſities of the other 
Bodies 1s exactly diſcovered. 


SCHOLIUM. 
Of the Diſtance of the Moon, fuppofing the Earth immoveable. 


'T E ſuppoſe the Things which are explained in N* 4157 ; let / be 
the Diſtance of the Moon from the common Center of Gravity 


of the Moon and Earth; f the Diſtance of the Earth from the ſaid Center. 
Therefore 
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Therefore It is the Diſtance of the Moon from the Earth, that is 60, 
Semidiameters of the Earth ; for we conſider the mean Diſtance. 

We mult determine, if the Earth ſtood ſtill, that is was immoveable 
in it's Place, at what Diſtance the Moon muſt be removed, to perform 
it's Revolution about the Earth thus at reſt, in a Time equal to that in 
which 1t does now, together with the Earth, perform it's Revolution 
about the common Center of Gravity *. 


Let the Diſtance ſought be x ; and we ſhall have this Proportion, 


2 


„x:: „, IT. 
For the Forces, by which the Moon is drawn, when the Diſtances from 


2 


the Earth are 4+? and x, are to one another as x* to /+? *, and theſe * 4049. 
Forces are as the Diſtances, at which the Bodies, which are retained b 


thoſe Forces, would perform their Revolutions in equal Times *: and“ 607. 
thoſe Diſtances are as / and x. 


* 4106. 
4178. 


Therefore x* = It xl; and x x ITT = It xl. 
„*; 


Whence we deduce I 7, I:: 2 21 


8 
And VII., VI:: I., x. 
But I 7 1s to , as the Quantity of Matter in the Moon and Earth 
together, is to the Quantity of Matter in the Earth alone; which Quan- 
tities, as we ſhall ſee in what follows, are to one another as 40, 31, and 


39,31; the Cube Roots of which Numbers, are 60, 5 ,, to 60; to 
which therefore x is equal, as we ſaid in N* 4157. 


C HAP. XV. 
The phyfical Explanation of the whole planetary Syſtem. 


N the firſt Part of this Book we have ſhewn, what are the 4179. 
Motions of the Bodies in the planetary Syſtem ; now we muſt 
explain how theſe Motions follow from the Laws of Nature“; * 355- 357- 
that is, how theſe Bodies, being once put in Motion, perſevere in 4%; _ 
thoſe Motions which we obſerve. 

Let us conceive the Sun and Mercury to be left to themſelves, 4180. 
and they will come together *; but if they be projected, they may * 4047. 
revolve about a common Center of Gravity in equal Times, and 
deſcribe immoveable Elliptic Lines *, and perſevere in that Motion * 41 45. 626- 
for it is plain, by mathematical Demonſtration in that Caſe, that 9. 
the Bodies will deſcribe Ellipſes about the common Center of Gra- 
vity, fimilar to that which the one of them could deſcribe with 
the fame Forces about the other if it was at Reft: This Center, 

on 
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on Account of the Sun's Magnitude *, is very little diſtant from 
the Center of the Sun itſelf. 

Let us conceive beſides Venus to be projected at a greater Di- 
ſtance from the Sun, it will a little diſturb the Motion of Mercury, 
which alſo, by it's Action upon Venus, will turn it a little out of the 
Way, and both will draw the Sun, ſometimes the fame Way and 
ſometimes different Ways; but they never come towards one an- 
other * ſo as to have their mutual Action ſenſible in reſpect of the 
Action by which the Sun draws thoſe Bodies; wherefore all theſe 
Irregularities are inſenſible, as we ſhall ſhew more diſtinctly. Whence 
we conclude that theſe three Bodies tend towards a Point that is be- 
tween them near the Sun, which therefore 1s very little diſtant from 
the common Center of Gravity of them all. 

If the Earth, Mars, and the other Planets be ſucceſſively pro- 


jected at different Diſtances from the Sun, the fame Reaſoning 


will hold good. Whence it follows, that all the Planets are re- 
volved about the common Center of Gravity of all the Bodies which 
compoſe the Syſtem, which is but little diſtant from the Sun, and 
that the Planets do not ſenſibly diſturb one another in their Mo- 
tions; wherefore they all deſcribe the ſame Line fingly, which they 
would deſcribe about the Sun, if every one of them was alone with the 
Sun in the planetary Syſtem, that is, immoveable Ellipſes : For it 


is plain, that thoſe will be deſcribed by the Force of Gravity *; and 


it is proved by mathematical Demonſtration, that no other immove- 
able excentric Lines can be deſcribed by a central Force acting 
equally at equal Diſtances *. 

It will alſo more plainly appear, that all the Planets tend to a 
Point near the Sun, if we confider that the Quantity of Matter in 
the Sun 1s a thouſand times, and more, greater than the Quantity 
of Matter in Jupiter, which is far the greateſt of all the Planets *. 

When all the Planets move, though they move the Sun but little, 
yet they do move it, and draw it differently according to their 
different Situation in reſpect of one another, whence there ariſes a 
{mall Motion in the Sun, which always depends upon the Motion 
already acquired, and the Change which happens in it from the 
Action abovementioned, which varies every Moment. 

It is owing to this Agitation of the Sun, that the Planets diſturb one 
another leſs in their elliptic Motions round the Sun, than if the Sun 
was at Reſt in the Middle of the Syſtem. If Jupiter (ex. gr.) was 
equally diſtant from Mercury and the Sun, it would attract both 


theſe Bodies to itſelf with an equal Celerity *, whence the Situation, 
IN 
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in reſpect of the Sun, is leſs changed than if the Sun was not agitated 
by this Motion, and Mercury only was attracted by Jupiter: Ac- 
cording to the various Diſtances of Mercury and the Sun from Ju- 
piter, the one or the other is more attracted, and there is always 
a leſs Change in their reſpective Situation when both are carried 
the ſame Way, than if (the Sun being at Reſt) Mercury only 
ſhould be carried towards Jupiter. 

This Reaſoning may be applied to all the Actions of the Pla- 4188. 
nets, that are more diſtant from the Sun, upon thoſe that are leſs 
diſtant. As to what relates to the Action of thoſe that are nearer, 
upon thoſe that are farther from the Sun, according to the different 
Situation they draw a Planet to the Sun, or drive it from the Sun, 
and in conſidering one whole reſpective Revolution, that is, the 
Motion from one Conjunction to another, the Diſturbance is leſs 
than if the Sun was immoveable. 

The Magnitude of the Sun, compared with the reſt of the Bodies of 4189. 
our Syſtem, is the Reaſon (as appears by what has been already de- 
monſtrated) that the Planets diſturb one another but little; but ſince 
the Magnitude is not infinite, theſe mutual Actions muſt not be 
wholly overlooked, and therefore it will not be unuſeful to make 
ſome Computations about them. 

We have faid, that it appears by Aſtronomical Obſervations, 
that Jupiter alters the Way of Saturn when it is neareſt to it“; * 4062. 
why this Diſturbance 1s more ſenſible than the reſt is deduced from 
the Law of Gravity. 

The Actions of Jupiter upon Saturn when it is neareſt to it, 4190. 
and of the Sun upon the fame Planet, by which it is kept in it's 
Orbit, are to one another directly as the Quantities of Matter in 
Jupiter and the Sun *, (viz.) as 9,305 to 10000 , and inverſly * 4048. 
as the Squares of the Diſtances of Jupiter: and the Sun from Sa- Þ 4163. 
turn, that is directly as the Squares of the Numbers 954, 434 
for the Diſtances of Saturn and Jupiter from the Sun are as 
954 to 5320 *; wherefore, when Jupiter is neareſt to Saturn, the * 373 1.3732. 
Diſtances of Saturn from Jupiter and the Sun are in the ſaid 4191. 
Ratio. The Ratio compounded of the two aforeſaid Ratio's, is 
as 45 to 10000, or as 1 to 222; this Action of Jupiter conſpires 
with the Gravity of Saturn trwards the Sun, and therefore increaſes 
it -* Part: Whence it is no Wonder that the Diſturbance is 
ſenſible. 

We don't here conſider the Force by which Jupiter attracts the 4192, 


Sun, for the Orbit of Saturn is not changed by it, and what we 
had 
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had to explain was why Aſtronomers obſerve Saturn to be turned 
out of the Way; yet by the Action of Jupiter upon the Sun, the 
Sun is brought nigher to Saturn, and the reſpective Situation of 
theſe Bodies is more diſturbed, than is diſcovered by Aſtronomical 
Obſervations. The Force with which Jupiter in the aforeſaid Po- 
ſition attracts the Sun, and with which therefore the Sun is at- 
tracted towards Saturn, is to the Force with which Jupiter attracts 
Saturn as 434 ſquared to 520 ſquared “, that is as 31 to 45, which 
Number expreſſes the Force with which Saturn tends towards u- 
piter, when the Gravity of Saturn towards the Sun is expreſſed b 
10000. If -we collect into one Sum the Forces of Jupiter, by 
which it attracts Saturn and the Sun; the Force, by which, from 
the Interpoſition of Jupiter, theſe Bodies tend toward each other, 
will be to the Gravity of Saturn towards the Sun, as 76 to 10000; 
but this Gravity is to the Gravity of the Sun towards Saturn, as 
10000 to 3, 25 *, wherefore the mutual Acceſs, or Approach of the 
Sun and Saturn, is to the Increaſe of this Approach by the Action of 
Jupiter znterpoſed, as 10067 to 76, or as 131 to 1. 

This Diſturbance is remarkable, and far the greateſt of any that 
happens in the Motion of any of the primary Planets; this alſo ob- 
tains only in this one Caſe of the Conjunction; for when Jupiter 
recedes from Saturn, the Diſturbance of the Motion of Saturn, in 
a ſhort Time becomes inſenſible. 

In the ſame Poſition of Jupiter, when it is neareſt to Saturn, 
the Force of Saturn, although it be the greateſt of all in this Caſe, 
does not fo ſenſibly alter the Way of Jupiter about the Sun. The 
Action of Saturn attracting Jupiter, is to it's Action by which 
it attracts the Sun, as 954 Square to 434 Square *, therefore it at- 
tracts Jupiter with greater Celerity; and ſince they are both at- 
tracted the ſame Way, the Difference of theſe Forces is the Force, 
with which (from the Action of Saturn Jupiter and the Sun are 
ſeparated from each other *; which is therefore to the Gravity of 
the Sun towards Saturn, as the Difference of thoſe Squares, to the 
laſt; that is nearly as 72 to 19 ; but this Gravity of the Sun towards 
Saturn is to the Gravity of Jupiter towards the Sun, as 3, 25 to 
loooo *, and as 520 Square to 954 Square :, that is as 19 to 
17509 ; therefore the diſturbing Force of Saturn is to the Gravity 
of Jupiter towards the Sun as 72 to 19509, or as 1 to 2703 
therefore by the greateſt Action of Saturn, the Gravity of Jupiter 


towards the Sun is diminiſhed by ue, Part, which Diſturbance 1s 
inſenſible. 


The 
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The other mutual Diſturbances of the Planets are much leſs, as 4196. 
will appear by determining that, which is the greateſt of them all, 


(viz.) that of Mars by Jupiter, which is diſcovered by the ſame 
ſort of Computation as the foregoing. 


The Diſtances of Jupiter from Mars, and the Sun when Mars 4197. 
is between the Sun and Jupiter in the fame Line, are as 3677 to 


5201 * wherefore the Forces with which Jupiter attracts theſe Bo- 3730 3731 


dies, are inverſely as the Squares of thoſe Numbers +, that is nearly + 4049. 
as 2, to 1. the Difterence of which Forces is equal to the laſt, that 
is to the Gravity of the Sun towards Jupiter. This Gravity of the Sun 
towards Jupiter is to the Gravity of Mars towards the Sun, as , 30 5 


to 10000 *, and inverſely as the Squares of the Diſtances of thoſe * 4048.4164 


Planets from the Sun r, and this Ratio is compounded of 1 to + 4049. 
12512, in which Ratio therefore is the diſturbing Force of Ju- 
piter, to the Gravity of Mars towards the Sun. Wherefore the 


Gravity of Mars towards the Sun is only diminiſhed t by the 4.198. 
Action of Jupiter when it is near it. 
Although theſe Diſturbances, ariſing from the Actions of the Pla- 400. 


nets upon each other, be very ſmall, and although thoſe, which hap- 
pen in a different Poſition of the Planets, do in ſome Meaſure com- 
penſate each other; yet the Proportion in which the Force, which 
keeps the Planets in their Orbits decreaſes, is a little changed by 
theſe Actions, ſo that it does not decreaſe exactly in an inverſe Ra- 
tio of the Square of the Diſtance : therefore although the Orbits 
are at Reſt as to Senſe, after a great many Revolutions, a ſmall 
Change is obſerved in the Situation of their Orbits &. 630. 3696. 

From all this it follows, that if we ſuppoſe the Planets at firſt 4200. 
once projected at the Diſtances from the Sun at which they are 
moved, they will by the Laws already explained perſevere in thoſe 
Motions; and the Excentricity of the Orbits depends upon the Ce- 
lerity and Direction of the firſt Projection. But theſe Motions may 
be preſerved very long, by reaſon of the ſmall Reſiſtance of the 
celeſtial Matter. 

It is alſo plain, why, by Lines drawn to the Center of the Sun, 
they deſcribe Areas proportionable to the Times; namely, becauſe 
all other Gravities in the Syſtem, are very ſmall in reſpect of the 
Gravity towards the Sun *; therefore by this Gravity alone, it is & 4184. 
that the Planets are retained in their Orbits, whence follows this 
Proportion of the Areas . | + 585. 

And alſo the Motion in elliptic Lines, which are carried on very 


ſlowly, follows from the Law of Gravity; for theſe Lines would 
Vol. II. Tx be 
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be immoveable, if the Planets gravitated only towards the Sun *; 
but this /ow Motion of the Orbits is deduced from the Action of 
the Planets upon one another . ö 

Now in reſpect to the Proportion which is obſerved between the 
Cubes of the Diſtances, and the Squares of the periodical Times, it 
is alſo deduced from the Law of Gravity *; fo that if we add to 
theſe what we have ſaid of the Deflection of Saturn ꝶ, nothing 
will remain to be explained in reſpect of the primary Planets. 

That the Motion of Comets depends upon the Law of Gravity, is 
alſo deduced from Obſervations ; and in reſpect of them, as has been 
ſaid concerning the Planets, the Sun's Gravity prevails, and by that 
Gravity they reflect from a rectilinear Courſe * ; but that the Cur- 
vature of their Way depends upon the fame Gravity, follows from 
this; that a Body, by that Gravity, will deſcribe an Ellipſe, or a 
Parabola, or an Hyperbola *; which Lines it appears that thoſe 
Comets have deſcribed, whoſe Trajectories have been determined. 

The Satellites of Jupiter and Saturn are moved by the ſame Laws 
about their Primaries, as the Primaries are moved about the Sun *; 
wherefore the Explication of thoſe Motions ꝓ may be alſo referred 
to them ; for in theſe three Caſes, ſmaller Bodies are revolving at 
different Diſtances about a much greater Body: namely, Satellites 
about Jupiter and Saturn, and primary Planets about the Sun. 

Whilft ſecondary Planets are moved about a primary one, it is evi- 
dent that they may all be moved with one common Motion, whereby 
the reſpective Motions with which they are moved, in reſpect of 
each other, will not be diſturbed, becauſe a Body may at the ſame 
Time be moved by different Impreſſions “: The Motion that a 
primary Planet has in common with it's Satellites, is the Motion 
of a primary Planet about the Sun. 

Yet the Motion of the Secondaries is diſturbed by the Action of the 
Sun, towards which they are carried ſometimes faſter, and ſome- 
times flower, according to the different Poſition of the Primary; 
and they alſo often concur towards the Sun's Center in different 
Directions. Theſe Irregularities, which are very ſmall, cannot be 
obſerved in the Satellites of Jupiter and Saturn, though they be 
really like thoſe which are obſerved in the Motion of the Moon; 
the leaſt Deviation of this laſt is very ſenſible to us. But that the 
Irregularities of the Moon exactly follow from the Theory of Gra- 
vity, will appear in the next Chapter, 
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SCHOLIUM. 


Concerning Bodies revolving about a common Center of Gravity. 


E I there be two Bodies of any Bigneſs attracting one another in the 


drawn from 5 deſcribes a Curve, of which à e is a very ſmall Part: 
Whilſt the Body by the projectile Motion runs through à d, it does by 
the Motion cauſed by Gravity go through 4 e parallel to ab. 

Let us ſuppoſe the ſame Bodies to be moved aſunder to the ſame Di- 
ſtance as in the foregoing Caſe, and to be placed in A and B; and there- 
tore that a and AB are equal. 

Let the common Center of Gravity of the Bodies be C; and let them 
be both projected in the Parallels AD, BF, with Velocities that are to 
one another as the Diſtances from the Center of Gravity AC, BC, fo 
that the Bodies may whirl about the ſame Center. 

Let us ſuppoſe beſides that the Angles DAC, CBF are equal to the 
Angle 4a; and that the Velocities along a d are to the Velocities along 
AD and BF, as 45 is to AC and BC, fo that ad, AD, and BF are 
run through in equal Times, ſuppoſing them to be to each other 
as ab, AC, CB. By Gravity they come to each other in that Time 
through the little Space de, which is run through by one Body alone 
a when & is kept back; but when both are left to themſelves, 
that little Space is ſo deſcribed by both, that DE + GF=4e, in the 
ſame Manner that AC+CB=a6b. Beſides DE, is to FG, as AC is 
toCB#®,; therefore de, DE, FG, are to one another, as ab, AC, CB; 
but as de is parallel to ab, and DE, as alſo GF, are parallel to AB, 
the Triangles ade, ADE, BFG are ſimilar ; as alſo 4e, AEC, BGC, 
and the Changes of Velocities are alſo alike. 

This happens in the firſt Moment of thoſe Motions; and the fame 
Things happen in the following Moments, and the Triangles, whoſe 
Baſes are run through in correſpondent Times in the three Figures, are 
always ſimilar ; and as theſe whole Figures are made up of theſe Triangles, 
reſpectively ſimilar, they are alſo ſimilar, and run through in equal Times, 
as we have ſaid in N' 4180. | 
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Ratio of the Quantity of Matter in them; let thoſe Bodies be placed at Pl. 126. F. J. 


4 and b, let þ be kept back, and @ be projected along 4d, which when it is * 40 48. 
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G 
The phyſical Explication of the Moon's Motion. 


T is certain that the Moon and Earth having once a projectile 
Motion given them, they can perſevere in their Motion about 
their common Center of Gravity * ; if they be carried any Way 
by a common Impreſſion directed in parallel Lines, as was faid of 


the Satellites of Jupiter and Saturn*, this Motion will not diſturb the 


Motion about the common Center of Gravity, which will follow 
that Direction only, becauſe in reſpe& of the two Bodies it is at 
Reſt, But the Bodies are carried by a Motion compounded of 
that Impreſſion, and of the Motion about the common Center of 
Gravity, which will follow that Direction only, becauſe in reſpect 
of the two Bodies it is at Reſt. But the Bodies are carried by a 
Motion compounded of that Impreſſion and of the Motion about 
the common Center of Gravity * ; that is, they are whirled about 
that Center as it 1s carried along, as before it's Motion when it 
was at Reſt. If every Moment new Impreſſions common to both 
the Bodies act upon them, the Way of the Center of Gravity may 
be changed every Moment, which Change will be like that which 
the Bodies themſelves would undergo, if they had no reſpective 
Motion. 

Hence we deduce, that if whilſt the Moon and Earth are whirled 
round their common Center of Gravity, they be both projected, 
the Way of the Center of Gravity, by the Action of the Sun acting 
upon both Bodies, is the ſame as a Body projected in the fame 
Manner, would deſcribe about the Sun. 

Whence it follows, that te Moon diſturbs the Motion of the 
Earth, and that the common Center of Gravity of thoſe Bodies de- 


ſeribes that Orbit about the Sun which we have hitherto ſaid that the 


Earth deſcribed ; becauſe we hitherto overlooked the Action of the 


Moon; but e Earth deſcribes an irregular Curve. 


Let the Sun be at S; and the common Center of Gravity of the 
Moon Q, and the Earth M, at the Time of the full Moon, be 
at F: After one whole Lunation, that is, the next full Moon, let 
that Center be at A; and let FD A be the Orbit which we call 
that of the Earth; but in which the Center of Gravity above- 
mentioned does really move. 
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If this Lunation be divided into four equal Parts after the firſt, 
the Center of Gravity will be at E, the Moon at P, and the Earth 
at L; after the ſecond Part of the Time, at new Moon, the Cen- 
ter of Gravity will be at D, the Moon at R, and the Earth at 1; 
in the following Quadrature, the Center of Gravity will be at B, 
the Moon at O, and the Earth at H; laſtly at full Moon the Cen- 
ter of Gravity being at A, the Moon will be at N, the Earth at 
G: all which follows from the Revolution of the Earth and Moon 
about their common Center of Gravity, whilſt it is carried in the 
Orbit about the Sun. 

Therefore we ſee the Earth moves in the Curve ML IHG, 
which is twice inflected in each Lunation ; which Curve alſo does 
not return into itſelf, becauſe the Inflections in the ſeveral Revolu- 
tions about the Sun do not coincide ; for 12 Lunations, and a third 
Part of another, are performed every Year. 

This Irregularity of the Motion of the Earth, which is deduced 
from the Laws of Nature, 7s too ſmall to become ſenſible in Aſtrono- 
mical Obſervations, wherefore we may without any Error ſay, that 
the Center of the Earth itſelf deſcribes the Orbit FDA; for MF, 
or DI, the greateſt Diſtance of the Earth from that Orbit is about 
the 40th Part of the Diſtance MQ, which Diſtance itſelf is not 
the 3ooth Part of the Diſtance FS. 

In explaining what relates to the Moon, we alfo neglect the Conſide- 
ration of the Motion of the Earth about the common Center of Gra- 
vity abovementioned, but we ſuppoſe it to revobve at the Diſtance of 
60 Semidiameters, from the Center of the Earth ; becauſe, as we 


have before demonſtrated “, ſuch is the Diſtance at which in it's“ 


periodical Time, it could revolve about the Earth at Reſt, or car- 
ried along in an Orbit in which it ſhould not be diſturbed by the 
Moon's Action. By this Method, the Moon's Irregularities will 
be much more eaſily diſcovered ; for they are the fame ; as is evi- 
dent whether the Moon moves abont the common Center of Gra- 
vity of the Moon and Earth, or about the Center of the Earth 
itſelf. 

Let S be the Sun; T the Earth; and the Orbit of the Moon 


AL BJ; and laſt of all let the Moon be at A in the Quadrature ; Plate 127. 
it tends towards the Sun in the Direction A'S, in the fame Man- Fig. x, 
ner, and with the ſame Celerity that the Earth is carried towards 
S along T S, becauſe the Diſtances AS and TS are equal : This 
Celerity may be repreſented by T'S or AS, the Action with which 


the Moon endeayours to deſcend along AS, and reſolved _ two 
forces, 
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the ſame Celerity and the ſame 
the equal and parallel Lines T'S and AD; wherefore by this Mo- 
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Forces by drawing the Parallelogram ADS T; fo that the Moon 
will endeavour to move in the Directions AD and AT, the Cele- 

rities repreſented by thoſe Lines *. 
By the Preſſion which acts along AD, the Moon is carried with 
Way as the Earth; by reaſon of 


tion, the Relation between the Moon and Earth is not changed; 
but the Preſſion along A T conſpires with the Gravity of the Mooy 
fowards the Earth, and this Gravity is increaſed by the Action of the 
Sun, when the Moon is in the Quadratures; and the Augmentation 
or Addition is to the Gravity of the Earth towards the Sun, as AT 
the Moon's Diſtance from the Earth is to T S, the Earth's Diſtance 


from the Sun. That thoſe Preſſions along A T and T'S are repre- 


ſented by thoſe very Lines, is plain from this, that the Gravities are 
Preſſions, which act on Bodies in Motion in the fame Manner as on 
Bodies at Reſt * ; and which therefore every Moment generate 
Augmentations of Velocities in the Ratio of the Gravities them- 
ſelves +; in which Ratio therefore are the Velocities produced in 
the ſame Time. | 

TS the Earth's Diſtance from the Sun remaining the ſame, the 
abowementioned Addition of Gravity increaſes and diminiſhes in the 
Ratio of the Line AT, the Diſtance of the Moon from the Earth. 

But this Diſtance of the Moon from the Earth A T, if it re- 
mains the ſame and T'S be increaſed, then AT would be leſs in 
reſpect of TS; therefore though there ſhould be no Change in the 
Force, whereby the Earth and Moon fall towards the Sun, the 
Addition would be leſs, and fo much leſs as TS is greater, becauſe 
this, though increaſed, would ſtill repreſent the ſame Quantity; 
therefore the Addition will be inverſly as TS; but the Force of 
Gravity does not remain the ſame, when T' is increaſed, but is di- 
miniſhed ; wherefore alſo in that reſpect the abovementioned Ad- 
dition is diminiſhed, and .in the ſame Ratio with that Force of 
Gravity; therefore in the inverſe Ratio of the Square of the Di- 
ſtance TS *; if this Diminution be added to that abovementioned, 
we ſee that the Addition of which we ſpeak, follows the inverſe 
Ratio of the Cube of the Diſtance of the Earth from the Sun. 

The Diſtance of the Earth from the Sun remaining the ſame, the 
Gravity of the Moon towards the Earth decreaſes more flowly in the 
Quadratures, than according to the inverſe Ratio of the Square of the 
Diſtance from the Center of the Earth; for if the Addition in that 
Caſe ſhould follow the inverſe Ratio of the Square of the Diſtance, 
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would not be diſturbed; but the Addition increaſes when the Gra- 
vity itſelf is diminiſhed ; wherefore the Addition, when the Di- 
ſtance is increaſed, is always greater than is required, and conſe- 
quently the Diminution of Gravity is the leſs. _ 
This Addition is determined in the mean Diſtances of the Moon 4224. 
from the Earth, and of the Eorth from the Sun: Let AT and TS 
be theſe mean Diſtances ; the Addition required is to the Gravity of 
the Earth, towards the Sun, as A T to T S*; the Gravity of the * 4219. 
Earth towards the Sun, 1c fo the Gravity of the Moon towards the 
Earth (becauſe theſe Bodies are retained by theſe Gravities in their 
Orbits) directly as TS to T A, and 7wer/ly as the Square of the pe- 
riodical Time of the Earth about the Sun, to that of the Moon about 


as the Gravity from the Action of the Earth does *, this Ratio * 4049. 


the Earth *. Therefore the Addition ſought is to the Gravity 618. 4093. 


of the Moon towards the Earth, in a Ratio compounded of theſe. 
Ratios; that is the abovementioned inverſe Ratio of the Squares of 
the periodical Times: of the Earth and Moon, the other Ratios de- 
ſtroying one another. Theſe Times are given, and their Squares 
are inverſly as 1 70 178, 73. 

Now if the Moon be at L, in which Situation the Sun attracts 422 5. 
the Moon and Earth in the ſame Line, but not equally; the Moon 
it draws with a greater Force, becauſe it 1s leſs diſtant from it: 
The Difference of thoſe Forces is the Force by which the Moon is 
drawn back from the Earth, and by which the Gravity of the Moon 
towards the Earth is diminiſhed. | 

The Forces whereby the Moon at L, and the Earth at T, tend 
towards the Sun, are to one another as the Squares of the Lines 
S T and SL *: and the Difference of the Forces, that is, the di- * 4049. 
{turbing Force, is to the Force by which the Earth deſcends toward 
the' Sun, as the Difference of thoſe Squares to the Square of the 
Line LS; that is, nearly as double LT to LS or TS; for theſe 
Lines do but very little differ from one another; and the Difference 
of the Squares, whoſe Roots differ but little, is keeping the Proportion 4226. 
double that which is between the Roots. = 

If therefore 'T'S, as before, repreſents the Force whereby the 4227. 
Earth deſcends towards the Sun, L/ will repreſent the diſturbing 
Force and diminiſhing Gravity; when AT repreſents the diſturb- 
ing Force in the Quadratures . Let the Moon be at J; it is again“ 4219. 
(together with the Earth) attracted by the Sun in the ſame Line; 4228. 
but the Earth, becauſe leſs diſtant, moves more ſwiftly towards the 
Sun; ſo that there is a Force which ſeparates the Earth mo the 
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Moon, namely, the Difference of the Forces which attract the 
Moon and the Earth *, which Force always acts contrary to the 
Gravity of the Moon towards the Earth, and diminiſhes it, in the 
ſame Manner as has been demonſtrated from the greater Gravity of 
the Moon towards the Sun, ſuppoſing it at L. At / alfo the ſepa- 
rating Force ſcarce differs from the ſeparating Force at L, for this 
Force, as we have ſhewn, is proportional to the Difference of the 
Squares of the Lines T'S and LS; and that (as appears by ſuch 


another Demonſtration) proportional to the Difference of the 


Squares of the Lines /S, and T'S; which Differences, by reaſon 


that L/ is very ſmall in reſpe& of T'S, ſcarce differ among them- 


ſelves; ſo that the Force which diminiſhes the Moon's Gravity at 
, is alſo repreſented by LI. 


Yet the diſturbing Force is ſomething greater at the Conjunction L, 
than at the Oppoſition I; for ſuppoſing the Differences between the 
Roots to be equal, the Squares keeping the Proportion, will differ 
ſo much the more, the leſs they are, and ſo keeping the Proportion, 
the Forces differ more at L and T, than at T and /, which alſo are 


leis ®. 


From this we conclude, that the Force, which diminiſhes the 
Gravity of the Moon in the Syzygies, is double that which increaſes it 
in the Quadratures; namely, as LI to AT. Wherefore in the 
Syzygies the Gravity of the Moon from the Action of the Sun is 
diminiſhed by a Part, which is to the whole Gravity, as 1 f 89,36; 
for in the Quadratures, the Addition of Gravity is to the Gravity, 
as 1 to 178,72 *. 

In the Syxygies, the diſturbing Force follows the ſame Proportion 
with half aqded to it; that is with the diſturbing Force in the Qua- 
dratures “; it is therefore direfly as the Diſtance of the Moon from 


the Earth 4, and inverſly as the Cube of the Diſtance of the Earth 


+ 4222. from the Sun }. 


4232. 


* 4231: 


4233. 


At the Syzygies, the Gravity of the Moon towards the Earth, re- 
ceding from it's Center, is more diminiſhed than according to the in- 
verſe Ratio of the Square of the Diftance, from that Center; for it 
would be diminiſhed in that Ratio, if the Force to be taken away 
followed the fame Ratio; but on the contrary, as it increaſes when 
the Diſtance becomes greater *, the Diminution is always greater 
than in that Ratio, which is the inverſe of the Square of the 
Diſtance. | 

Laſtly, let the Moon be at F, in any immediate Place between 
the Syzigy and Quadrature, it is drawn towards the Sun along F », 


by 
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from which ſince it is leſs diſtant than the Earth T, it is attracted 
with more Force than the Earth : Let the Force with which the 
Moon tends to the Sun, be to the Force with which the Earth is 
carried towards it as FM to TS, which alſo before has been made 
uſe of to expreſs the ſame Gravity of the Earth. Draw the Pa- 
rallelogram FHM I, whoſe Diagonal is F M, and whoſe Side F H 
is parallel and equal to the Line TS. The Gravity of the Moon 
towards the Sun is reſolved into two Forces, one along F H, the 
other along FI, and theſe Lines denote the Preſſures whereby the 
Moon endeavours to move along them“. The Action along FH * 360. 
is common to the Moon and the Earth, which with an equal Force, 
and in a Line parallel to it, does alſo tend to the Sun; fo that by 
this Motion of the Moon the Situation of it, in reſpect of the 
Earth, will not be changed, and the diſturbing Force will be only 
the Preſſure along FI. 

By reaſon of the immenſe Diſtance of the Sun, the Part MS of 4234. 
the Line MF is ſmall, in reſpect of the whole, and the Angle 
FST, where it is the greateſt, as AST, is hardly more than the 
6th Part of a Degree; whence it follows, that the Lines MI and 
SN are very near one another, and that the Points I and N are 
ſcarce ſenſibly diſtant, and may without any ſenſible Error be con- 
founded together; which Error, notwithſtanding how little ſoever 
it need be regarded, in Conſideration of one whole Revolution, is 
compenſated by a contrary Error when the Moon is at E. There- 
fore the diſturbing Force is expreſſed by FN. 

Tt is to be obſerved, when only the Part EF of the Line ES is 4235. 
conſidered, that is to be looked upon as parallel to the Line LI, becauſe i 
of the ſmall Angle which theſe Lines make. q 

From the Point N draw NQ perpendicular to the Line FT, 4230: | 
continued if Need be, in which the Moon gravitates towards the 
Earth; and let the rectangular Parallelogram F PN Q be drawn; 
let us conceive the Force along FN reſolved into two others, act- 
ing in the Directions F Q and FP, and repreſented by theſe 
Lines * : By the Action along FQ, the Gravity is diminiſh- * 360. 
ed, in the Caſe repreſented by this Figure; but it is increaſed 
when the Point Q falls between F and T; but by the Preſſion Ml 
along F P the Moon in it's Orbit is drawn towards the next Syzygy 1 
L, and the Motion of the Moon is accelerated or retarded, ac- 9 


cording as this Force conſpires with, or acts contrary to, the Moon's 
Motion. 


Yor. II, Z 2 Near [ 


354 
4237. 


4238. 


4239. 


4240. 


4241. 


4242. 
* 4224. 


4243. 


4049. 
+ 4226. 


4235. 


Mathematical Elements Book VI. 


Near a Syzygy, the Gravity of the Moon is diminiſhed, and the 
Line F Q, which follows the Proportion of this Diminution grows 
leſs, receding from the Syzygy till it vaniſhes, at the Diſtance of 
about 54 Deg. 44 Min. from it; at a greater Diſtance of the 
Moon from the Syzygy, Q falls in between F and T; and the 
Gravity of the Moon towards the Earth is increaſed by the Sun's 
Action. 

The Force along FP vaniſhes in the Syzygy L, receding from 
it, it increaſes quite to the Octant, which is the middle Point be- 
tween the Syzygy and the Quadrature; and then it diminiſhes 
again till it vaniſhes quite at B. 

Between B and /, or / and A, the diſturbing Motions are de- 
termined in the ſame Manner, as in ALB, the oppoſite inferior 
Part of the Orbit; at E and F, the Diminution of Gravity is equal, 
and in that Poſition it is drawn in the Orbit with an equal Force 
towards the Syzygy l, with that with which at F it is impelled 
towards the Syzygy L. 

Hence it follows, that in the Motion of the Moon from the Syzygy 
to the Quadrature, between L and B, as alſo between / and A, 
the Gravity of the Moon towards the Earth is continually increaſed, 
and the Moon is continually retarded in it's Motion. 

But in the Motion from the Quadrature to the Syzygy, between B 
and /, as alſo between A and L, every Moment the Moon's Gravity 
is diminiſhed, and it's Motion in it's. Orbit is accelerated. 

You may determine the Forces upon which theſe Effects depend, 
by comparing them with the known Force, whereby Gravity is 
increaſed in the Quadratures , and which is repreſented by the 
Moon's Diſtance from the Center of the Earth. 

The Lines MI, HF, ST, are equal by Conſtruction ; there- 
fore when the Points I and N are confounded, MN is equal to 
8 T, and MS is equal to NT. The Lines MF and ST repre- 
ſent, the Forces, whereby the Moon at F and the Earth at T are 


carried towards the Sun S; therefore they are as the Square of the 


Line TS to the Square of the Line FS *; wherefore, as F G is 
the Difference of theſe Lines, FM and T'S differ from one another 
double the Line G F +, and adding G F to the Line F M, the Dif- 
ference between GM. and T8, that is, M8 will be triple the 
Line FG, and therefore this is alſo the Quantity of the Line 
NT ': Now as F E is double FG *; therefore NT will be to FE 
as Three to Two. | 


Let 
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Let FT be continued, if Need be, and from E draw E V per- 4244 
pendicular to it; the Triangles E VF and NQ T, which are rect- 
angular, will be ſimilar, by reaſon of the alternate Angles VF E 
and QT N *: Therefore NT is to FE, that is, Three is to Two, * 423 5. 
as NQ, equal to FP is to EV; which therefore is proportional to 29. El. I. 
two third Parts of the Force, which is expreſſed by FP; but EV 
is the Sine of the Angle ET V. at the Center which is double the 
Angle EFV at the Circumference *, equal to the Angle FT L, “ 20. El. 

which is the Diſtance of the Moon from the Syzygy. Therefore, III. 

as the Radius TA or TE is to a Sine and an half of double the 4245 
Diſtance of the Moon from the Syzygy, namely FP, fo the Addition 

of Gravity in the Quadratures (which is expreſſed by the Radius TA) 

1s to the Force which accelerates or retards the Motion of the Moon in 

it's Orbit. | 

The Computation of this Diminution of Gravity, and of it's 
Increaſe at a leſs Diſtance from the Quadratures, is deduced irom 
the ſame Principles. 

This Diminution is repreſented by the Line FQ, which is equal 4246. 
to QT minus the Radius; but from the Conſideration of the Tri- 
angles abovementioned, VF, taken one and a half is equal to QT; 
therefore VT and an half, with half the Radius added to it, ex- 
preſſes the required Diminution of Gravity; and /e Radius is fo 4247. 
the Sum or Difference of one and à half the Co-fine of double the Di- 
ſtance of the Moon from the Syzygy and half the Radius. As the Ad- 
dition of Gravity in the Quadratures, to the Diminution or Increaſe 
of Gravity in that Situation of the Moon, concerning which the Com- 
putation is made. 

We make uſe of the Difference of the Co- ſine from half the 4248. 
Radius, when the Angle is ſuch whoſe Co-ſine is greater than a 
right Angle; becauſe in that Caſe we make uſe of the Co- ſine of 
the Complement of the Angle to two right Angles: When in this 
ſame Caſe the Co-ſine and a half, which we make uſe of, is greater 
than half the Radius, the Quantity found is to be added,; that is, 
increaſes the Gravity; which obtains every where between the 
Quadrature, and 35 Deg. 16 Min, from it. 

Theſe Forces, whatever is the Figure of the Moon's Orbit, are e., 4249. 
 aftly determined; for they are compared with the Addition of Gra- 
vity in the Quadratures, ſuppoſing the Moon in the Quadrature to 
be at the ſame Diſtance from the Earth, at which it really is in 
the Place which is conſidered; but this Addition is diſcovered in 
every Caſe F. 
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Though it be foreign to the Purpoſe of this Work, to give a 
Computation of the Moon's Motion, I thought it neceſſary to ex- 
plain in a few Words, what is the Method whereby to diſcover 
the Forces that govern the Moon; becauſe the more exactly we 
know the Forces, the more eaſily we ſhall conceive their general 
Effect. 

Now to examine the Moon's Motion, we muſt ſingly conſider 
it's ſeveral Irregularities; which to do without Confuſion, we muſt 
remove ſeveral Irregularities, and conceive the Moon as moving in 
a Circle about the Earth in which Curve it is plain, that it can be 
retained by Gravity *. We alſo conceive that the Orbit of the 
Moon is in the Plane of the Ecliptick. 

This Motion is diſturbed by the Action of the Sun, and the 
Orbit is more convex in the Quadratures than in the Syzygies, The 
Convexity of a Curve which a Body deſcribes by a central Force, is 
ſo much the greater as the central Force does more ſtrongly every 
Moment turn the Body out of the Way; it is alſo greater the more 
flowly the Body moves; becauſe the central Force, acting the 
longer, has a greater Effect in inflecting the Way of the Body. 
From contrary Cauſes the Convexity of the Curve is diminiſhed, 
Both concur in increaſing the Convexity of the Orbit in the Qua- 
dratures *, and diminiſhing it in the Syzygies . 

From this it follows, that the circular Figure of the Moon's Or- 
bit is changed into an Oval, whoſe greater Axis goes through the 
Quadratures ; ſo that the more convex Parts are in the Quadra- 
tures. Wherefore the Moon is leſs diſtant from the Earth at the Sy- 
zygies, and more at the Quadratures, and it is no Wonder that the 
Moon comes towards the Earth in the Syzygies, when it's Gravity is 
diminiſhed ; becauſe the Acceſs is not the immediate Effect of this Di- 
minution, but of the Inflection of the Orbit towards the Quadratures. 

The Motion of the Moon, taking away the Action of the Sun, 
is not in a Circle, but in an Ellipſe, one of whoſe Foci coincides 
with the Center of the Earth * ; for the Orbit of the Moon is ex- 
centric, and it 1s retained in it by the Force of Gravity. 

Therefore what has been demonſtrated cannot be exactly applied 
to the Moon's Motion ; for as the Forces which generate the De- 
viations explained, do really act upon the Moon, the Ellipſe, which 
the Moon would deſcribe if the Sun was taken away, is changed, 
and ceteris paribus, the Propofitions of No 42 52, 4254. may be ap- 
plied to the Moon's Motion. That is, the Figure of the Ellipſe 
(which the Moon would deſcribe if the Sun was taken away, in 


any 
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any Situation of the Sun) the Sun being preſent, is a little changed, 
the Parts, which are in the Quadrature, become more convex, 
when on the contrary thoſe that paſs through the Syzygies loſe of 
their Convexity ; whence neceſſarily follow Variations in the Di- 
ſtances. 

In the Quadratures and Syzygies, the diſturbing Force acts in the 42 57. 
ſame Line as the Force of Gravity towards the Earth *; therefore 4. 
the Force which continually acts upon the Moon, and retains it in 228. 
it's Orbit, is directed towards the Center of the Earth, and the 
Moon aeſcribes Area's by Lines drawn to the Center of the Earth pro- 
portional to the Times k. * 585. 

In other Points of the Orbit, as F beſides the Force which acts in 4258. 
the Line FT, there is alſo another, whoſe Direction is perpendi- Plate 127. 
cular to FT *, which is here repreſented by FP: the Direction of Fig. 1. 
the Force compounded of both is directed by Degrees ſidewiſe to * 4236. 
the Line FT, and does not tend to the Center of the Earth + ; + 318. 
wherefore the Areas by Lines drawn to the Center of the Earth are 
not exattly proportional to the Times *. In the Octants, FP is the * 586, 
greateſt of all; and the Force which is repreſented by that Line is 
to the Gravity of the Moon towards the Earth, in that Point, in 
the mean Diſtances of the Sun and Moon, as 1 to 119, 15*.* 42gs. 
Wherefore the Direction of the Force, compounded of the Actions 
of the Sun and Earth upon the Moon, makes an Angle of about 
half a Degree with the Line FT. 

The Motion of the Moon is ſubject to ſeveral other Irregulari- 4259. 
ties; ſo that it deſcribes a Curve wholly irregular ; which Aſtro- 
mers, in order to ſubject it to the moſt exact Computations that can 
be made, do reduce to an Ellipſe which they conceive to be agitated 4209. 
by various Metiens, and alſo to be changeable, left the Moon fhould go 
out it. 

15 reſpect to central Forces we have obſerved, that a Body does 4261. 
not deſcribe an Ellipſe, if the central Force, by which it is retained 
in it's Orbit, decreaſes in any other Ratio than the inverſe Ratio of 
the Square of the Diſtance; but that the Curve may be often re- 
duced to a moveable Ellipſe *, concerning which it is to be ob-“ 636. 
ſerved that the Ellipſe, in that Motion, turns about one of it's Foci, 
and the Motion of the Ellipſe is directed ſometimes the ſame Way as the 
Motion of the Body *; and ſometimes the contrary Way. * 631. 6322 

Hence it follows, the Orbit of the Moon cannot be referred to 4262. 
an elliptic Orbit, unleſs you ſuppoſe it agitated by four Motions 


every Revolution ; that is, unleſs the Line of the Apſides, which 
goes 
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goes through the Center of the Earth, goes forwards twice, and 
backwards. twice. 
4263. The Apſides of the Moon go forward when the Myon is in the Sy- 
* 631.4232. e *, or rather whilſt the Moon moves between the Points, 
#4247. Which are 54 Deg. 44 Min. diſtant from them +, In the Quadra- 
4204. tures, and between the Points diſtant from them 3 5 Deg. 16 Min, 
© 932: 4223: The Ayſides go backwards, that is move in Antecedentia®. 
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424% The Forces upon which the Progreſs and Regreſs of the Apfides 
4265. depend, are a e which dilturb the N £4 the — 
which have been before explained; therefore ſince the diſturbing 

Force in the Syzygies, is double the diſturbing Force, in the Qua- 

* 4239. dratures *, the Progreſs, which alſo has Place in a longer Arc +, 
f 4263-4264. onfidering one intire Revolution of the Moon, exceeds the Regreſs, 


ceteris paribus, 

4266. In a Circle whoſe Center is in the Center of the Forces, the Di- 
minution of the Force, in receding from the Center, produces no 
Effect; becauſe in ſuch a Line the Body does not recede from 
the Center; therefore the Effect of this Diminution is ſo much the 
greater, as the Curve deſcribed by the Body differs more from 
ſuch a Circle. 

In an elliptic Orbit, one of whoſe Foci coincides with the Cen- 

4267. ter of the Forces, the Curvature in the Ap/ides differs moſt of all from 
ſuch a Circle, and the Effect of the Diminution of the Force, in re- 
ceding from the Center of the Forces, is the greateſt of all. 

4268. Tf this Orbit is but a little excentric at the Ends of the leſſer Axis, 
the. Curvature of the Circle above-mentioned differs little from the 
Curvature of the Ellipſe, in reſpect of the Forces, and the Effect of 
the Diminution is the leaſt of all. 

4269. The Progreſs and Regreſs of the Apfides depend upon the Propor- 
tion, according to which the Force of Gravity decreaſes, receding 

* 631.632. from the Center of the Earth *; it is therefore the Effect of the 
Diminution of the central Force. 

4270. This Motion of the Apſides, which we have explained, under- 
Plate 127. goes ſeveral Changes; the Apfides go forward faſteſt of all in a Re- 
Fig. 2. wolution of the Moon, ſuppoſing the Line of the Apfides in the S- 
* 4263-4259. 2ygies *; and in that very Caſe, they go back the ſloweſt of all in 


4267. 


+ 42644209. lle fame Revolution +, becauſe, by reaſon of the ſmall Excentricity | 


4268. of the Moon, the Quadratures are but very little diſtant from the 
4271. Ends of the leſſer Axis of the Orbit. 
Pl.127.F.3. Suppoſing the Line of the Apſides to be in the Quadratures, the 
4203. 4269. Apfides.are carried in Conſequentia, the leaſt of all in the Syzyg1es®; 
n 3 4 bn 4269. Out they return the fwifteſt in the Quadratures ; and in 5 b 


4267. 


85 


* 80 WJ ha 


„. 6 [IP rH Ac qc 


Chap. 16. of Natural Philoſophy. 359 
9555 5 one intire Revolution of the Moon, the Regreſi exceeds tbe 
rooref,. 
Whilſt the Earth is carried along in it's Orbit, the Line of the 
Apfides does ſucceſſively go through all Situations in reſpect of the 
Sun; Wherefore, conſidering a great many Revolutions of the Moon 4272. 
taken together, the Apfides go forwards *; and it is plain from Ob- * 4.36. 
ſervations, that in the Space of about eight Years, the Line of the : 
Apſides performs one intire Revolution. 
We have alſo ſaid that the Excentricity of the Orbit is not 
conſtant. 
The Exentricity of a Body is increaſed, if the central Force, the 4273. 
Diminution being continued, decreaſes fafter than before, whilſt the 
Body is carried from the lower to the upper Apſis ; for then it is 
every Moment leſs attracted, than if the f orce decreaſed leſs, and 
therefore it recedes the more. The Excentricity of the Orbit is 
alſo thereby increaſed, in the ſame Caſe, in the Motion from the 
upper to the lower Apſis, becauſe in this Caſe, coming towards the 
Center, the Force increaſes ſo much the faſter, as the Body deſcends 
more towards the Center; ſo that in each Caſe, the Difference, 
between the greateſt and leaſt Diſtance from the Center of the 
Forces, may become greater, and the Excentricity be thereby in- 4274. 
creaſed. By the fame Reaſoning it appears, that e Excentricity 
is dimi "iſhed when the central Force decreaſes more ſlowly than before 
in the Receſs from the Center. 
Applying this to the Moon's Motion, 2? appears, that the Excen- 4275. 
tricity of the Orbit, every Revolution, undergoes various Changes: 
That it is increaſed when the Moon goes through the Syzygies *, * 4232. 4273, 
and diminiſhed when it is in the Quadratures + : That Excentri- | 4223-4274- 
city is the greateſt of all when the Line of the Apſides is in the Syzygies;, 42 70. 
becauſe in one intire Revolution, the Cauſe which moves the Ex- 
centricity is the greateſt of all ; and that which diminiſhes it, the 
leaſt of all, becauſe the Forces in the Apfides, being compared, do 
decreaſe faſter than in an inverſe Ratio of the Square of the Di- 
ſtance , whence this Addition flows &, which prevails in this , 4232: 
Poſition : But the Orbit is the lenft excentric of all, when the Line] : 572 
of the Agfides is in the Quadratures, the Diminution of the Excen- 
tricity. prevailing . * 4223-4274. 
We have faid that the Moon moves in a Plane inclined to the 4277. 
Plane of the Ecliptic ; that the Line of the Nodes is carried round 
in Antecedentia *; and that the Inclination of the Orbit is not con- * 3743. 
ſtant + ; theſe Effects are alſo deduced from the Action of the Sun T 3742. 
upon the Moon. By 
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By reaſon of the ſmall Inclination of the Moon's Orbit, the 
Forces which we have hitherto conſidered acting in the Plane of 
the Ecliptic, not regarding the Inclination of the Orbit, may (with- 
out any ſenſible Error) be referred to the Plane of the Orbit; and 
the Moon in it is ſubject to the Motions before explained: But 
there is a Force which removes the Moon from the Plane of the Orbit *; 
ſo that we muſt conceive that Plane to be agitated, otherwiſe the 
Moon would go out of the Orbit. 


Let the Moon be at F; if we attend to what has been ſaid above 


Plate 127. concerning the Action of the Sun *, it is plain, that the Plane of 


the Parallelogram FH MI goes through the Line T 8, which joins 
the Centers of the Earth and Sun; and therefore it is in the Plane 
of the Ecliptic ; ſo that the Point N, to which is directed the Force 
diſturbing FN, on account of the Action of the Sun, is in that 
Plane. 

Let the ſame Force be repreſented by FI; at F let FR be raiſed 
perpendicular to the Plane of the Orbit ; and imagine the Paralle- 
logram FRI, whoſe Side F is in the Plane of the Orbit, and 
whoſe Diagonal is FI; the diſturbing Force along F I, is reſolved 


into two, in the Directions FR and F, which theſe Lines repre- 


ſent*, and of which this laſt acts in the Plane of the Orbit: So that 
we mult refer to this what relates to the diſturbing Force, of which 
we have treated in Ne 4233 ; for the Lines Fi and FI ſcarce dif- 
fer, and the Plane of the Parallelogram F RI 7 is perpendicular to 
the Plane of the Moon's Orbit. 

The Line FR muſt be determined, which repreſents the Force 
that acts perpendicular to the Plane of the Orbit, and removes the 
Moon from that Plane; now the Ratio of the Line FR or Ii, 
to the Radius E T, is the Ratio of the diſturbing Force, which is 
ſpoken of here, to the Increaſe of Gravity in the Quadratures *. 

In the Caſe of this Figure, in which the Line of Nodes Nu is 
in the Quadratures, we find out FR; becauſe IT, which is NT 
of Fig. 1. is given, and becauſe I T is to Iz, or FR, as the Radius 
to the Sine of the Inclination of the Orbit *. 

But in every Caſe the Force muſt be determined which drives 
the Moon out of the Plane ; let us therefore ſuppoſe the Line of 
Nodes carried to the Situation Mn, whereby, every Thing elſe 
remaining as before I 7 is changed. To M m continued, if Need be 


let iX and IX be drawn perpendicular, which make an Angle 


equal to the Inclination of the Plane of the Orbit. | 
The 
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The Ratio between E T and Iz, that is the Ratio between the 4284. 
Addition of Gravity in the Quadratures, and the Force, which we ſeek, 
which removes the Moon out of the Plane of it's Orbit, is compounded of 
theRatios of the Line E T to TI, of the Line FI to IX, and laſtly 
of the Line IX to Ii. The firſt is the Ratio between the Radius, 
and three Times the Sine of the Diſtance of the Moon from the 
Quadrature * ; the ſecond is the Ratio of the Radius to the Sine of“ 424 3. 
the Angle I T X, that is, of the Diſtance of the Node from the 
Syzygy; laſtly, the third is the Ratio of the Radius to the Sine of 
the Inclination of the Orbit: And the Ratio, compounded of theſe, 
is the Ratio of the Cube of the Radius to three times the Product, of 
the Sines of the Diſtances of the Moon from the Quadrature, and of 
the Node from the Syzygy, as alſo of the Inclination of the Plane. To 
this Force alſo is to be referred Ne 4249. 

This Force vaniſhes in the Quadratures, becauſe the Point I coin- 4285. 
cides with the Point T, which is the Center of the Earth, and 
the Line Iz vaniſhes; the Lines FI and Fz concurring in the 
Plane of the Orbit, which alſo follows from the Computation above- 
mentioned *; the Sine of the Diſtance of the Moon from the * 428 4. 
Quadrature vaniſhing, and conſequently, the whole Product which 
is multiplied by that Sine. 

That ſame Product vaniſhes alſo, and with it te Force which 4286. 
it repreſents, when the Sine of the Diſtance of the Node from Plate 127. 
the Syzygy vaniſhes, that is, ſuppofing the Line of the Nodes in the Sy- Fig. 5. 
zygies : It is alſo deduced from this, that the Line of Nodes Nu 
continued, goes through the Sun; wherefore the Sun is in the 
Plane of the Orbit itſelf, and therefore cannot draw the Moon but 
in that Plane. 

The Force alſo which we examine, is increaſed as the Moon ad- 4285. 
vances towards the Syzygy, and as the Node recedes from it &. * 4284. 

Let P y be the Plane of the Ecliptic, P A the Orbit of the Moon; 4288. 
when the Moon is come to A, that is, is receded a little from the Plate . 
Node, it is removed out of the Plane of the Orbit, and in the ſe- Fig. 6. 
cond Moment is not carried along AB, (the Continuation of the 
Orbit P A) but along A; becauſe it comes towards the Plane of 
the Ecliptic along Bb; therefore it is moved as if it came from a 
more diſtant Node p. Whence it appears, that the Nodes go back- 420g. 
ward, whilft the Moon moves in it's Orbit, as long as it recedes from 
the Node : The Nodes alſo go back whilſt the Moon 1s going to 
the oppoſite Node; becauſe as the Moon is continually driven out 
of it's Orbit towards the Plane of the Ecliptick, it is continually 
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directed to a Point leſs diftant, and comes ſooner to the Node, than 
if, not being agitated by ſuch a Motion, it had continued in Mo- 
tion with the ſame Celerity. 

Conſidering one intire Revolution of the Moon, cæteris paribus, the 
Nodes move in Antecedentia fwifteſt of all, when the Moon is in the 
Syzygres *, then flower and flower, till they are at Reſt when the Moor 


is in the Quadratures . 


Whilit the Earth is carried round the Sun (even when we don't 
attend to the abovementioned Motion of the Nodes) the Line of 
Nodes does ſucceſſively acquire all poſſible Situations in reſpect of 
the Sun; and every Near goes twice through the Syzygtes, and twice 
through the Quadratures. 

If now we confider ſeveral Revolutions of the Moon, the Nodes in 
one whole Revolution go back very faſt, the Nodes being in the Qua- 
dratures *; then flower, till they come to Reſt, wwhen the Line of 
Nodes is in the Syzygies T. 

By the ſame Force with which the Nodes are moved, the Incli- 
nation of the Orbit is alſo changed; it is zncreaſed as the Moon re- 
cedes from the Node; and diminiſbed as it comes to the Node. 

For the Angle 5% L is leſs than the Angle APL, and for the 
ſame Cauſe it is continually diminiſhed, and the Inclination be- 
comes greater; but when the Moon is come to the greateſt Di- 
ſtance from the Plane of the Ecliptic, and is going towards the op- 
poſite Node, the Direction of the Moon is continually inflected to- 
wards the Plane of the Ecliptic, and leſs inclined to it than if it 
continued in Motion in it's Orbit: Let Nn be the Plane of the 
Ecliptic; the Curve, Nu the Orbit of the Moon; by the Force 
whereby the Moon is continually removed out of it, the Way of the 
Moon 1s changed, and it goes in the Curve N n, which is more 
inclined to Nn at N than at n; ſo that we muſt conceive the In- 
clination of the Plane of the Orbit to be twice changed *, whilſt 
the Moon moves from one Node to the other; therefore this hap- 
pens four times in each Revolution of the Moon, it is twice dimi- 
niſbed, and twice again increaſed. 

Suppofing the Nodes N n, to be in the Quadratures, the Forces 
which in one Revolution increaſe the Inclination and diminiſh it, are 
equal to one another ; for by reaſon of the equal Diſtance of each 
Node from the Syzygies, the Forces that change the Inclination 


at ND and E are equal to the Forces in the correſpondent Points 


in the Arcs Di and EN *; by the former the Inclination is in- 


creaſed, by the latter it is diminiſhed +; the Diminution 4 * 
ngle 
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Angle of Inclination, on account of the firſt, is reſtored by the 

Action of the ſecond, and here it is not changed. In the Motion 

abovementioned * of the Line of Nodes in reſpect to the Sun, which * 4291. 

depends upon the parallel Situation of this Line, the Node N is car- 

ried to the Syzygy E. When (for Ex.) the Line of Nodes is come 

to the Situation M, the Moon in it's Receſs from the Nodes 

goes through the Quadratures Nu, in which the Force which 

changes the Inclination vaniſhes *, and near which, it is the leaſt * 428 5. 

of all T: But in coming towards the Nodes, the Moon is every + 4284. 

where diſtant from the Quadratures, and a greater Force acts upon 

it *; therefore confidering one intire Revolution, the Increaſe of the © 4284. 

Angle of Inclination exceeds the Diminution + ; that is, that Angle 429%. 

is increaſed, or, which is the ſame, the Inclination is diminiſhed ; Þ 4293. 

which obtains every where in the Motion of the Nodes from the 

Quadratures to the Syzygres. | 
When the Nodes are come to the Syzygies, the Inclination of the 4299. 

Plane 4 the Orbit is the leaſt of all; for in the Motion of the Nodes 4299. 

from the Syzygies to the Quadratures, the Plane of the Orbit is con- 

tinually more and more inclined ; for in that Caſe as the Moon 

goes to the Node, it paſſes through the Quadratures ; in it's Re- 

ceſs from them the Moon is diſtant from the Quadratures, and 77 

one whole Revolution of the Moon the Force which increaſes the In- 

clination * exceeds that which diminiſhes it ; therefore the Inch- * 4235. 4293- 

nation is increaſed ; and it is greateſt of all when the Nodes are in the + 4399- 

Puadratures, where the Diminution of the Angle made by the 

Plane of the Orbit with the Plane of the Ecliptic 1s determi- 

nated *. 3 * 4296. 
All the Errors in the Moon's Motion, that we have explained, 4301. 

are ſomething greater in the Conjunction than in the Oppoſition r. 4 4229. 
All the Theurbing Forces are determined by diſcovering their 4392. 

Ratio to the Addition of Gravity in the Quadratures “, for“ 4245-4247- 

which Reaſon they all undergo the ſame Changes as that Addition 48“. 

does; that is, they are inverſiy as the Cube of the Diſtance of the 8 

Sun from the Earth t, which when it remains the ſame, they are as 1 4222. 

the Diſtance of the Moon from the Earth*. Conſidering all the di- 4220. 

flurbing Forces together, the Diminution of Gravity prevails ; which 4303. 

follows immediately from the Progreſs of the Apſides þ ; for it ap- T . 

pears from thence, that conſidering ſeveral Revolutions together, 


the Effect of the Diminution of Gravity exceeds the Effect of the ; 
Increaſe of it &. 030. 631, 


Ada a 2 Therefore 
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4304. Therefore the Motion of the Moon bei ng conſidered in general, the 

Gravity of the Moon towards the Earth is diminiſhed, coming near 
* 4303-4302. the Sun *; therefore when it is leſs attracted by the Earth, it re- 

cedes more from it than it would recede, if there was no ſuch Di- 
4305. minution of Gravity; therefore in that Caſe the Moon's Diſtance 
* 582. is increaſed, as alſo the periodical Time * ; and that Time is the 
greateſt, as alſo the Diſtance of the Moon (ceteris paribus) the greateſt, 
+ 3703. when the Earth is in the Peribelion , becauſe then it is leaſt diſtant 
from the Sun. 


C HA P. XVIL 
Concerning the Figures of the Planets. 


4306. F we conſider the Figures of the Planets, we ſhall find that 
they have ſuch Figures which follow from theſe very Laws by 
which the Syſtem is governed ; which is very agreeable to that 
admirable Order which we obſerve every where, that no Forces 
4307. act upon the Planets to deſtroy them; that is, that the Figure of a 
Planet, whether it be a primary or a ſecondary Planet, is ſuch as it 
would acquire, if it wholly conſiſted of fluid Matter; which agrees 
with the Phænomena. | 
4308. Whence it follows, that all the primary and ſecondary Planets are 
ſpherical; for they conſiſt of a Matter whoſe Particles gravitate 
* ,047. 4048. towards one another *; from which mutual Attraction a ſpherical 
Figure is generated in the fame Manner, as a Drop becomes round 
+ 76. from another fort of Attraction of the Parts 4. 
4309. This ſpherical Figure of the Planets is not changed from their Mo- 
tron round the Sun, or from the Motion of the ſecondary Planets about 
their primary ones ; becauſe all the Particles are carried by the ſame 
Motion : But this Figure undergoes ſome Change by the Motion 
round the Axis, and ſo much the greater as the Motion is ſwifter. 
4310. For by the centrifugal Force Bodies are under the /Equa- 
tor; therefore as we demonſtrate in our ſecond Scholium, a 
Planet is every where higher under the Æquator than the Poles ; 
4311. and from it's Motion round it's Axis, it acquires the Figure of a 
Spheroid depreſſed at the Poles ; for the Height is continually di- 
miniſhed as you go towards the Pole ; becauſe the centrifugal Force 


is diminiſhed, by reaſon of the Diſtance from the Axis dimi- 
* 607. niſhed . 


If 
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If what has been demonſtrated be compared with the Phæno- 4312. 
mena, it will appear why all the Bodies in our Syſtem are ſphe- 
rical * , but that this Figure is not exact, but a little changed by * 3690. 
their Motion round their Axis , though this cannot be obſerved + 4310. 
in moſt of them, may be deduced from Obſervations made upon 
Jupiter and the Earth. Aſtronomers have obſerved, that the Axis of 4313. 
Jupiter is ſhorter than it's @quatorial Diameter; although this Pla- 
net be the greateſt of all the Planets, it is moved the ſwifteſt about | 
it's Axis * ; and therefore this Difference may be obſerved. * 3731. 

The Elevation of the Earth at the Æquator is determined t, al- 4314. 
though perhaps to the Inhabitants of the other Planets, if there + 4322. 
are any, it may not be more ſenſible than the Depreſſion of the 
Poles of Mars to us, which is ſo ſmall that we cannot per- 
ceive it. 

Let us ſuppoſe the Earth fluid, and it will acquire the abovemen- 4315. 
tioned ſphæroidal Figure“; if it conſiſts of heterogeneal Matter, and * 4311. 
it's Parts are more denſe, receding from the Center, but equally denſe 
at the fame Diſtance from it, there will not be an Equilibrium, 
except the Earth be more depreſſed under the Pole, than if it 
was homogeneous, as we demonſtrate in the 2d Scholium. 

Now if we conceive the Parts to cohere towards the Center, the 4316. 
Situation of the other Parts cannot be changed by that Means, nei- 
ther will it be changed, if in ſome Places the Part cohere with one 
another quite to the Surface, as that really is the Caſe. Therefore 
the Surface of the Sea has a Figure depreſſed at the Poles. 

Since therefore the Shores every where are raiſed but a little above 
thę Surface of the Sea, which contains the Earth, it follows that 
the Earth is doubtleſs of the ſame Figure as the Sea. 

As to what relates to the Figure itſelf, it can be only determined 43 17. 
from immediate Meaſures and actual Obſervations ; as we ſhall ſhew | 
in the Scholia, in which we ſhall demonſtrate what I ſhall now 
lay. 

Let e PE be the half of the Section of the Earth through the 4318. 
Meridian; C the Center; P the Pole; Ee the æquatorial Dia- Tab. 126. 


meter. Fig. 9. 
This zquatorial Diameter contains 3399474 Rhynland Perches. 4319. 
The Axis of the Earth = 3380460. 4320. 
Therefore the mean Diameter contains 3389940. 4321. 
The Aquator is raiſed g 534 Perches. 4322, 


The Ratio between the Axis and the Diameter is that between 4323, 
177,3 and 178,3. | 
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The Surface of the Sea muſt be ſo fitted to thoſe, as to be perpen- 
dicular to the Direction of heavy Bodies * ; and the Tangent IF, 


which agrees with that Surface in the Point I, determines the ho- 


rizontal Plane +. But it 1s plain that a Line perpendicular to the 
Tangent, which ſhews the Direction of heavy Bodies, as IB, cannot 


always tend to the Center of the Earth. 


Yet this Line determines the Height of the Pole; for that Height 
is equal to the Angle which IF makes with P C ®, or ID, which 
we ſuppoſe parallel to the Axis, that is perpendicular to e E; this 
Angle is DIF, to which IBD is equal. 

If, having drawn 7 þ perpendicular to the Surface at , the Angle 
16 D is greater than the Angle I BD one Degree, the Points I and 
z will alſo differ one Degree in Latitude; and the Arc Iz is of one 
Degree in the Meridian, If we conceive the whole Arc P IE thus 
divided into go Degrees, theſe wort be equal to one another ; for 
every oval Figure is the moſt convex at the Extremities of it's 
greater Axis, and the leaſt ſo at the Ends of it's lefler Axis; whence 
it follows that the Concourſe of the Lines I B, 7 5, that is the Point 
A, is more removed from the Surface the more I comes towards 
the Pole; for A is the Center of a Circle, which coincides with 
the Arc Iz, and the Radius of the Circle is ſo much the greater, 
as the Surface is leſs curve; but as I A increaſes, the Arc I 7 does 
alſo increaſe. Therefore the Degrees increaſe as you go towards the 
Pole, and the Degree at the Pole is the greateſt, and that at the 
Equator the leaſt. 


The greateſt Degree contains 2983 3,4 Rhynland Perches ; and 
the leaſt 29334, 15. | 

Therefore the mean Degree is of 29583, 77 Perches. This De- 
gree ſcarce differs from that whoſe Latitude in it's middle Point is 
4 5 Degrees. : 

Between the leaſt and the greateſt Degree, there is a Ratio of 

75 to 88,75; nearly as 60 to 80. | 
ee allo differs 0 different 3 it is the leaſt under 
the ÆEquator *, and the greateſt under the Pole, and theſe Gravi- 
ties are to one another as 201,5 to 202, 5. 2 

The Length of a Pendulum which performs it's Vibrations in à 
Second, was exactly meaſured by the famous Monſ. Mairan, who 
found it to be 440, 57 Lines of the Royal Paris Foot. The Height 
of the Pole is 48 Deg. 50. : 

The Pendulum being carried to Lapland, Obſervations Were 
made there in the Latitude of 66 Deg. 48, by which it appeared 


that this Pendulum had performed 862 17, 5 Vibrations in the ſame 


Time 


and „ Wd 224A 
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Time that at Paris it had only performed 86 1 58, 4 Vibrations, 

whence it appeared that the Gravities in thoſe Places were to one 

another as 729, 6 to 728, 6 *; how the Gravities of all the Places * 4328. 
of the Earth may be compared by this Determination, will be ſeen 

in the 4th Scholium ; and theſe are as the Lengths of Pendulum 
performing their Vibrations in equal Times &. . 

The Length of a Pendulum, which performs its Vibration in a 4336. 
Second, is under the Æquator 45 5, 14 Lines of the Rhynland Foot, 
and 4 56, 42 Lines of the ſame Foot at Paris; at the Latitude of 
86 Deg. 48 in the Village of Pell in Lapland 457,08 Lines of the 
ſame Foot; and at laſt under the Pole 4 57, 40 Lines. 

If Bodies fall freely, we know what Space they go through in 4337. 
1'*, And it is in the four Places we have mentioned, if we * 415. 374. 
make uſe of the Rhynland Meaſure, of the following Feet, viz, 

15,597. 15,041; 15, 663; 15,074. 

A Body falling by a mean Gravity, which differs equally from the 4338. 
greateſt and the leaſt, goes through 1 5,63 5 Feet, in“. How to deter- 
mine the mean Gravity, when it is to be compared with that Gra- 
vity with which a Body removed beyond the Atmoſphere, comes 
towards the Earth, has been before ſhewn *. * 4080. 


SCHOLIUM I. 
Concerning ſome Properties of the Ellipſe. 


E T e PE be a Semi-ellipſe ; E e it's greater Axis: CP it's leſſer 4339. 
Semi- axis; CD any Abſciſs; DI an Ordinate anſwering to it; e E Plate 172. 


a Semi- circle whoſe Diameter is e E. Fig. 7. 
In the Ellipſe we have 4340. 
Fon: Di: : ere, r. „8. 4. 17. 


When the Squares are proportional, the Roots alſo are proportional. = 9 d 
Therefore DR, DI:: Ce, CP. con. lib. 3. p. 3. 
If therefore a Circle be deſcribed, whoſe Diameter is the leſſer Axis + 22. El. 6 
of the Ellipſe, and HI be drawn, an ordinate to this Axis, cutting 4341, 
the Circle at i, we demonſtrate in the ſame manner this Proportion to 4342. 


be ven Hi, HII. Ee 


o 


Ihe other Things regard the Computations, and muſt be treated alge- . 
braically. | 
We put therefore z = CE, the half Axis of the greater Ellipſe. 4344. 
4 = CP, the half Axis of the leaſt. Plate 126. 
x = CD=HI, any Abſciſs. Fig. . 


y = DI, anſwering to the Ordinate. 
Beſides 
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445. Beſides let IF be the Tangent of the Ellipſe at I, and IB perpendicular 
to the Ellipſe, and therefore to the Tangent, in the ſame Point I; the Point 
of Concourſe of that Perpendicular with the next, which is at an infi- 
nitely ſmall Diſtance, that is A I, is the Radius of the Convexity of the 

4346. Ellipſe at I. which we call r= AI. | 

4347. The Angle I BD, which this Perpendicular AI makes with the Axis 

8 El. 6. eE, is equal to the Angle DIF ©, 

4348. Let s be the Secant of that Angle; 

4 t its Tangent, ſuppoſing the Radius 1. 
4 El. 1. Thereforett + 1=55*; and 55 —77 will be=1. 

4350. Let us further put zz, uu: : 1, a 

4351. Therefore a = 75 ; 

4352. And a2 is the Parameter of the greater Axis. 

Theſe being thus put, we diſcover the Value of the remaining Lines. 
4353. $y IF; becauſe 1, : : , IF. 
4354. ty = DF; becauſe 1, : : , DF. 
4355, = = IB; becauſe 7, 1 :: IF (55), IB. 
4356. - = DB; becauſe t, 1 : : , DB. 
. #527 In che Ellipſe it is as we have ſeen before *. 
＋ 4350. Z—XXZ + xXx = ZZ — Xxx, yy: : ⁊ z, un: : 1, aÞ. 
413858. We have alſo — CD, CE, CF“; that is, 
La Hire, ſect. x, 2, x +ty, and ZZ = wx + xty, or zZ — xx = *ty. 
con. lib. 3. And the foregoing Proportion Þ is chang'd into this, 
prop. 8. | 4 : ü xt + xt 
+ 4357. HY Ex bath . 

_ Therefore y = atx, or x = 7 

O. | | 
+ _=— And ax = 2 —= DB *. 
+ 4358. If in the Equation zz = xx + xty , for y we ſubſtitute a 7 x ®, we have 
* | x 
: 4 22 = xx þattixxz that is, ZZ=XXX1+att; and z xx 1 + ai\ 
2 3 2 2 
| _ Whence we deduce ** a7: and x = n : 
* 4319. And therefore y = ory ＋ *. 
| 1 +atzt\* 

4364. Between the Lines DC, DB, there is a conſtant Ratio of zz to uu, 
* 4250, that is, 1, to a“; for they are x and axF. | 
* 4344-4360. By Converſion CD, CB: : 1, 1— : : Cd, C6. 

4365. Whence it follows Dd=g 1, Bb :: 1, 1—4. 

4366. We have alſo Gl,gl : : BF, DF, becauſe of the Figures IG ig, 


FBID, which are ſimilar. 
Therefore 
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Therefore joining the Ratios 


67. 

GI, Bb: : BF, DF-aDEF. * 

Becauſe of the ſimilar Triangles AGI, A Bb, 4368. 
GI, BS: : AL AB:: BF, DF—-2 DF 


* 4367. 
By converting and inverting, IB, AI:: BDT DF, BF =BD+DE. 4397 


Algebraically —_ N —*+ a ty , 1 ＋ ty. That is, di- 4355. 
viding the Terms of the laſt Ratio by y, and multiplying them by -, 7 C886. 


55 * 4360. 
— Y:: 11411, 1+tt=ss|. T 4354. 
Y gy aN n : ** 4 
Wh = = ET 2 - - oe © 7372. 
Whence r FT ey 7 a T 1 
2. 
4d | ECEIE TIN 1 rrxITatt To 
WRENCE again æ = an = = 4370. 
Having extracted the Cube Root from each Member of the laſt Equation, 4371. 
you have 3 5 ; | 
eren oO priate 
S = \4 2 4 | 2 "rn be 4349- 
Sa a 13 11 
| n 19. 
Whence is deduced i? = —>7; = 
a2 —- ar 


By che Help of the Equations, which we have hitherto drawn from 4372. 
the Nature of the Ellipſe, we may diſcover ſeveral Lines in a given El- 
lipſe: but in all of them we ſuppoſe the Form of the Ellipſe, or the 
Ratio between the Axes to be known; but if 4 be ſought, and the Con- 
vexity of the Figure be given in two Points, for which alſo is given the 
Inclination of the Tangent to the Axis, by the following Method we ſhall 
inveſtigate an ZEquation, which ſhews the Value of 4. 

r, 5, and t are given; we ſuppoſe r, s, and t to ſignify the ſame Quan- 4373. 
tities given for another Point, Then we have 
rrxX1+Fattt rixl+attt . 

g aa ny : 4370. 

Whence multiplying the ZEquation by 5* $* aa, and extracting the 

Cube Root from each Member, we deduce the Æquation. 


2 2 2 2 
r*SS+rartitSS=r's5+r#attss. 


l | 
r 55 ui SS 


e 2 
4 1 V cb 8 


22 = 


4374. 


Which gives 2 —— = 
7 1tSS—r'ttss 

Fach of the Equations expreſs the Theorem, which is made uſe of in 
the Computations concerning the Figure and Magnitude of the Earth, and 


Vor, II. "WD - does 
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4375. 
4311. 


Pl. 126. F. 8. 


4376. 
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does immediately ſhew what Operations are to be gone through for the 
Solutions of particular Queſtions. n | 


SCHOLIUM u. 
Concerning the Figures of the Planets in general. 


XII E have ſaid, that ſpherical Planets made of fluid Matter, change 


their Figure, by their Revolution about their Axis “*; we ſhall 
now conſider this Change, and immediately apply our Reaſonings to the 
Earth. 


Let P be the Pole; C the Center; E 2 the Diameter of the Aquator; 


we conceive the Earth fluid and homogeneous, and that it turns about 
it's Axis. We ſuppoſe that it has acquired the Figure e PIE, into 
whoſe Nature we are firſt of all to inquire. If ſome of the Parts cohere, 
the Fluid will preſs them in the ſame manner as before the Coheſion, and 
the Figure will not be changed; neither can it be changed, although in 
ſome Places the Parts cohere from the Center quite to the Surface ; there- 
fore the Surface of the Sea would acquire the ſame Figure then, that it 
would do if the Earth was wholly fluid, as we have already taught *. 

Now let us ſuppoſe Tubes to be placed as P C, HI, CE, which com- 
municate ; the Fluid will diſpoſe itſelf in them, at thoſe Heights in P, 
I, E, at which it was before *; therefore the right Columns CP, CE, 
will be in ZEquilibrio as alſo the right Column HP, with the oblique 
„ 8 3 | 
The Earth being at reſt, the Columns CP, CE are equal, as alſo CP, 
CF, then the third HI, which is in the fame Caſe as Hz, is equal to 
the Co- ſine of the Altitude of the Pole. | ; 

Let us ſuppoſe Gravity on the Surface of the Earth to be repreſented 
by the Radius PC or i C, or FC; then the Gravity in every Point will 
be repreſented by the Diſtance of thoſe Points from the Center“; ſo 
Gravity at L is as LC, and at / as /C. 

If we reſolve the Gravity acting in the Direction i C, into two Preſ- 
ſures along id and i H, they will be proportionable to thoſe Lines“. In 
the ſame manner if the Gravity LC of the Point L be reſolved into two 


Prefſions along L!, and LH, they will alſo be proportionable to thoſe 


Lines. 3 | 

Whence it follows, becauſe i H and d C are equal, as alſo LH and IC, 
if we reaſon in the ſame manner concerning all the Points of the Line; H, 
that the whole Preſſion of the Column i H, againſt the Point H, is equal 


to the Weight of the Column dC. 


4381. 


Now if we ſuppoſe the Earth to turn about it's Axis, the Fluid will be- 
come lighter in the Tube CE, and Gravity will be diminiſhed along the 
whole Length of the Tube according to the ſame Ratio; for that, and the 


* 4089. 607. centrifugal Force are every where as the Diſtance from the Center &; 


therefore 


13 
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nd 

= 4 
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therefore in Proportion of that Diminution of Gravity the Column CE. 
is extended, for it will not be in Æquilibrio with the Fluid in the Tube 
PC, unleſs the Height of that, be to the Height of this; as the Gravity 
in any Point of this, to the Gravity in a correſpondent Point of that. 
For then the Column EC preſſes, as much as this preſſed before when it 
had the Height CF; and becauſe Gravity is always unchanged in it's 
Ratio of the Diſtance from the Center, the Part CD, which preſſes, as 
much as Cd preſſed, is had by this Proportion: 
C&S CD :; :CF,.CE. 

The Earth being at reſt, the ſingle Points of that Part Cd of the Co- 
lumn CE, preſs as much, as, in that Caſe, the correſpondent Points of 
the Column i H, do; but if the Earth turns about it's Axis, the Column 
1H is moved in the ſame manner as C4; and the Preſſure of this in each 
Point 1s changed in the ſame manner as the Preſſure of the other ; there- 
fore, that after the Preſſure has been diminiſhed by the centrifugal Force; 
this may become equal to the Preſſure that it had before, it muſt extend 
itſelf to I, ſo that H I may become equal to CD; and the like Demon- 
ſtration may be applied to all the Lines as H 1. 

When the Figure of the Earth is changed by its turning about it's 
Axis, the Diſtance CP is diminiſhed, but the Demonſtration is not 
changed; for CP remaining the ſame, we may ſuppoſe Matter to be 
added outwardly, as much as is wanting to reſtore the Æquilibrium. 

We have therefore this Property of the acquired Figure, H i Cd is 
to'HI= CD, as CF is to CE“; which is the Property of the Ellipſe +. 

We-muſt obſerve beſides, that the Figure muſt neceſſarily be fo 11 
ed, that the Direction of Gravity may be perpendicular to the Surface, 
otherwiſe, in reſpect of fluid Subſtances, the Figure would again be 
changed by their flowing; therefore the Earth can only acquire an el- 
liptic Figure in thoſe Caſes, in which, ſuppoſing it to be ſuch, the Di- 
rection of Gravity is perpendicular to the Surface, which only obtains, 
when the Circle differs but little from an Ellipſe, which happens in the 
Earth. 

We have ſuppoſed Gravity at 7 to be repreſented by i C *, whence we 
have deduced the Preſſure along i H, to be expreſſed by that Line itſelf , 
and therefore that i I repreſented the Diminution of Preſſure from the 
Revolution; for the intire Preſſure muſt be increaſed by that Quantity, 
that the Equilibrium may be reſtored, when it is diminiſhed by the Re- 


volution about the Axis. 


The Particle at i is then drawn along i C, and iI, by Forces propor- 
tionable to thoſe Lines, and drawing Ic, parallel to i C, the Particle is 
driven along i c, by an Action proportional to that Line “. 2 9 

By theſe Actions, the Particles are preſſed every where between i and 
I, and the Direction of Gravity in I is parallel to 7 r, and alſo propor- 
tional to that Line, as long as 7 I is ſmall; if the Earth remaining ſphe- 
rical, there ſhould be given a Particle at I ſeparated from the Earth, the 
Change of the Direction of Gravity * of the centrifugal F N 

2 wou 
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4382. 
4383. 


4384. 


4385. 
* 4382. 
T 4342. 
4386. 
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would be ſomething leſs, becauſe the Direction of Gravity itſelf would 
not be i Cor Ic, but IC; now Matter added increaſes the Deflection, 
and the Direction of Gravity I G, as to Senſe is parallel to ic; and there- 
fore as to Senſe it is alſo perpendicular to the Curve at I, as I ſhall de- 
duce from what has been before demonſtrated. | 

We conſider the Figure differing but little from a Circle, therefore Ccand 
G muſt be ſmall, in reſpect of DC; Cc and cG are alſo equal as to Senſe, 
this laſt ſcarce wanting any thing of Ii; therefore DC, Dc, DG are in 


- continued Proportion ; at leaſt they may be looked upon as ſuch with- 


4391. 
4343. 


T 4390. 
4364. 


out any ſenſible Error 
Since the following are equal TH, DC, as alſo Ii, Cc; i H will alſo be 
equal to De; | | | 7 


But CE CESCF: +; 1H; . 
Therefore CE, CP:: DC, Dc. 
And DD DG, DGT. 


Whence it follows that IG is perpendicular to the Ellipſe *, which was 


to be demonſtrated. 


4392 


4333. 
4393. 


From what has been demonſtrated in N' 4388. it follows that Gravity 
is the greateſt of all under the Pole, and that it is continually diminiſhed 
receding from the Pole, and the leaſt of all under the Equator, as 
we have taught *. | | 

Now to determine the Law of this Diminution, let us conceive the 
Arc en to be deſcribed with the Center i, through the Point c; Cn ex- 


| preſſes the Diminution in Queſtion ; for Ci, equal to CP, ſhews the 


4394 
* 4381. 


* 4335: 


4395. 
4396. 


41. El. 1. 
4397. 


Gravity under the Pole, and ic the changed Gravity, which we want. 
The Diminution of Gravity under the ÆEquator is as FE, when the 


Gravity under the Pole is expreſſed by CP, as we have ſeen“; there- 


fore the Diminution under the Æquator is to the Diminution at I, as 
FE to Cz; that is in the Ratio compounded of FE to Ii, and of that 
to Cn. | 

The firſt of theſe Ratios, namely that of FE to I z, is that which is 
given between CF, or Cz, and ; H*. The ſecond which is given be- 
tween Iz and Cy, is the ſame with the firſt ; for I i is equal to Ce, and 
Cc is to Cx, as Ci to , by reaſon of the ſimilar Triangles Ci H and 
Coen; becauſe the little Arc & may be conſidered as a right Line per- 
pendicular to Ci, Therefore the Ratio between FE and Cn is the du- 
plicate Ratio of that which is given between Ci and i H; and therefore 
the Diminution of Gravity is every where as the Square of the Line i H, 
that is, as the Square of the Co-fine of the Latitude of the Place. 


Gravity is increaſed receding from the Xquator, till it is the greateſt 


of all under the Pole; and the Augmentation every where, 1s the Diffe- 
rence between the greateſt Diminution, namely that. which has place under 
the Æquator, and that which obtains in the Place in Queſtion : there- 
fore in J that Augmentation is, as the Difference of the Squares C. 
and H i, which is equal to the Square of H C *, or id; that is, the In- 
creaſe of Gravity, in any Place, is as the Square of the Sine of the Latitude 
of the Place. J have 
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I have conſidered no other Change of Figure but that ariſing from the 4398. 
centrifugal Force, but there is another Change of Figure joined with it; 
for ſince Gravity tends to every Particle of Matter, the reſpective Situa- 
tion of thoſe Particles being changed, the Gravity of the Particles com- 
2 the Planet is ſo changed, that even ſetting aſide the centrifugal 
orce, Bodies are lighter under the ÆEquator than at the Poles“. Whence * 4389. 
it follows, that a Planet is more depreſſed at the Poles, when it revolves 
about it's Axis, than what follows from the centrifugal Force alone. 
In all theſe Caſes we have ſuppoſed the Planet homogeneous, and in- 4399. 
veſtigating the Thing farther, what would be the F igure of it, that is, 
what would be the Ratio between the Axis and the equatorial Diameter, 
in ſuch an Hypotheſis ; but the Meaſures taken in ſeveral Places of the 
Earth do not agree with ſuch a Figure. 
Therefore we will examine how the Figure of a Planet may be diffe- 4400. 
rently varied by it's Motion round it's Axis, according to it's different | 
Conſtitution, though, ſetting aſide the ſaid Motion, we conceive it to be 
fluid and ſpherical, but of different Denſity, at different Diſtances from 
the Center; but we muſt return to the Caſe which we have examined. 
We conceive a Planet ſpherical, at reſt, of homogeneous and fluid 4401. 
Matter. A Column as CE, is drawn towards the Center by Gravity; 
if the Planet turns about it's Axis, that Gravity is diminiſhed by the cen- 
trifugal Force; the Figure of the Planet is then changed, and depreſſed 
at the Poles as we have ſhewn . But it appears clearly that this Change 4381: 
of | * depends upon the Ratio which is — the centrifugal Force 
and Gravity; which we alſo refer to the ſecond Cauſe of Change, which 
follows from this firſt F. * 4398. 
The Figure of a Planet is more changed, and more raiſed under the 4402. 
Aquator, and therefore depreſſed under the Poles, if other things remain- 
ing as they are, the centrifugal Force be increaſed ;, for this Force diminiſhes 
the Gravity, and is the Cauſe of extending the Column CE. 
Neither is it leſs evident, that he ſpherical Figure is alſo the more 
| changed, if the  — al Force remaining, the Gravities of the Co- 
Fo lumns CP, CE. are leſſened; if for Ex. the Gravity of the Column CE 
8 be diminiſh'd one hundredth Part of the centrifugal Force, the Height CE 
will exceed CP by ſuch a Part; and by reducing the Gravity of the Co- 
lumns to half, the centrifugal Force, which we ſuppoſe to remain the 
ſame, which was the hundredth Part of the former Gravity, is now equal 
to two hundredth Parts of the laſt Gravity, and the Height CE will ex- 
ceed the Height CP one goth Part, and therefore will more change the 
Figure. 

= . t us again conceive the Planet ſpherical, made of fluid Matter, or at 4404- 

$1 teaſt ſoft enough, of the ſame Denſity at equal Diſtances from the Cen- 

7 ter, but which grows continually denſer receding from it. If ſuch a 

= Planet revolves round it's Axis, the Figure will be changed, and what 

3 we have demonſtrated of the Equilibrium of the Columns PC, CE, 

4 will alſo have Place here, 


og. 


It 
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If we compare ſuch a Planet with an homogenous one of the ſame 
Bigneſs, and which contains an equal Quantity with the heterogeneous 


one propoſed, all the ſingle Columns which tend from the Surface to the 


Center, will have leſs Gravity in the heterogeneous than in the homo- 
geneous Planet. | 

For if, the homogeneous Planet being given, the Matter be every where re- 
nc ved towards the Surface, and ſo the Denſity be increaſed in receding from 
the Center, and the Point H be taken at Pleaſure, which we ſuppole to 
be transferred to h, then the Matter, which was contained in the Globe 
whoſe Semi-diameter was CH, will now fill a greater Globe, whoſe Semi- 
diameter is Ch, and in that laſt Caſe the Quantity of Matter is the ſame, 
which draws that Particle towards the Center“; wherefore the Gravities 
of this Particle in theſe different Circumſtances, are in a duplicate inverſe 
Ratio of the Diſtances CH, C4*, and the Gravity is leſs in the hetero- 
geneous Globe. | 

But this Demonſtration may be referred to every one of the Parts of the 
whole Globe, according to whatever Law the Denſity increaſes receding 
from the Center, becauſe all the Particles are removed from the-Center, 
when none but the Particles in the Surface remain, and keep their Gravity ; 
and therefore every one of the Columns extended from the Surface to the Center, 
2 Gravity is made up of the joint Gravities of the Particles, become 

ghter. 

In ſuch a changed Planet alſo, the centrifugal Force of every one of the 
Particles, except thoſe that are in the Surface, is increaſed * ; for each of them 
deſcribe bigger Circles than in the homogeneous Planet. „ 

Therefore heterogeneous Planets, ſuch as we have above deſcribed |, while 
they revolve about their Axis, do, upon a double Account, change their 
Figure more than homogeneous ones *. | | 


We prove by a like Demonſtration, that Planets do leſs change their Fi- 


gure, that is, are leſs depreſſed at the Poles, if the Denſity be increaſed in 


going towards the Center. 

Hitherto we have conſidered a ee Planet when it is at reſt; it 
may alſo have another Figure, if we ſuppoſe a Kernel or Nucleus of ſolid 
Matter in the Middle: for if in ſuch a Caſe it has the Figure of a Spheroid, 
and be encompaſſed round with fluid Matter, the Figure of the Planet 
will be different, according to the different Figure of the Nucleus, and 


it's Denſity. 


But whatever Figure a Planet has, it is depreſſed towards the Pole by 
it's Motion about it's Axis, and the æquatorial Diameter is increaſed; 
but it does not neceſſarily follow from thence that that Diameter, how- 
ever increaſed, exceeds the diminiſhed Axis; ſo that nothing, except from 
immediate Obſervations, can be determined concerning the Figure of a Planet; 
which Method we ſhall follow in the next Scholium for determining the 
Figure of the Earth. 


S H O- 
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SCHOLIUM III. 
How to determine the Figure of the Earth. 


E have faid that the Earth was not ſpherical, but that the æqua- 


had ſuch a Figure as it might have acquired by a Motion about it's Axis, 
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4413: 


torial Diameter was longer than the Axis *, and therefore that it * 4311, 


if it had been ſpherical +; and as this Figure differs but very little from a F 4008. 


Circle, we ſuppoſe the Section through the Axis, that is the Plane of a 
| to make an Ellipſe, one of whoſe Axes is the Diameter of the 
uator *. 

We alſo ſuppoſe that the Decrements of Gravity, receding from the 
Pole, follow the duplicate Ratio of the Co- ſines of the Latitudes of 
Places“; that is that the Increaſes of Gravity, receding from the Aqua- 
Wh > +9 the duplicate Ratio of the Sines of the ſame Latitudes of 

aces T. 

We have ſhewn that the Figure muſt be determined from Obſervati- 
ons *; for that Reaſon therefore we have choſen two Meaſures taken in 
different Places, that is in Lapland and in France, and deſcribed in two 
{mall Treatiſes by the famous Monſ. de Maupertuis, to whom they are 
principally owing. We prefer theſe to others taken in various other 


Countries ; becauſe it is plain from the Deſcription of the Inſtruments, 


and the Cautions which the Obſervers affirm that they took, they could 
fall into but very ſmall, and ſcarce ſenſible, Errors. 

What relates to Gravity, we deduce from the Length of a Pendulum 
vibrating Seconds, meaſured in France with the utmoſt Care by that fa- 
mous Philoſopher Monſ. de Mairan, and from the Obſervations made by 
the ſame French Mathematicians who took Pains about meaſuring the Fi- 
gure of the Earth in Lapland, with the ſame Pendulum in both Coun- 
tries, Viz. France and Lapland. 

No let CP be the Semi-axis of the Earth; Ee the Diameter of the 
Agquator; and PIE an Arc of the Meridian. A ſmall Part of that Me- 
ridian 7I is meaſured by ſurveying on the Surface of the Earth itſelf. 
Now if we conceive the Lines þ 7, BB, which we ſuppoſe vertical, and 
therefore perpendicular to the Surface of the Earth, to be continued to 
the fixed Stars, an Arc in the Heavens intercepted between thoſe Lines 
is meaſured by Aſtronomical Obſervations ; that is, an Arc which mea- 
ſures the Angle IA 7, and determines the Arc Iz, in the Meridian. 

By ſuch Operations it has been diſcovered, that the Arc I 7, where the 
Angle I Az is of o. Deg. 57.28',67, contains 5502 3,47 French Toiſes (or 
Fathom) when the Latitude of the middle Point of the meaſured Arc 
was of 66 Deg. 20. From which it follows that a Degree of the Meri 
dian between the Points of Latitude of 65 Deg. 50. and 66 Deg. 50' con- 
tain 57437,9 French Toiſes; that is 29752 Rhynland Perches. 


It 


4386 · 
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* 4412. 


4416. 
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4424. 
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It has alſo appeared from ſuch kind of Obſervations, that a Degree of 
the Meridian between the Latitudes of 48 Deg. 32, and 49 Deg. 52 con- 
tains 57183 French Toiſes, or 29620 Rhynland Perches. | 

The Bigneſs of one Degree being given, one may eaſily find the Ra- 
dius of the Circle; for the Radius is to one Degree, as 180x113 to 
355, that is as 4068 to 71; therefore we eaſily determine the Radii of 
the Convexity in the middle Points of the mentioned Degrees, that is, 
we have r for two Places; in which the Angles as IB E, which the Per- 


pendiculars to the Surface make with the Plane of the Equator, are of 


66 Deg. 20, and 49 Deg. 22. | 

Let us therefore ſuppoſe r, 5 and t to ſtand for thoſe Things, which 
above were expreſſed by the ſame Letters, but that they belong to the 
firſt Angle; that is, 7 is the Radius of Convexity, ſuppoſing the Lati- 
tude of 66 Deg. 20'*; f is the Tangent, and s the Secant of the ſame 
Angle ; in the ſame manner we ſuppoſe r, t, s, to expreſs the ſame 
Quantities for the Latitude of 49 Deg. 22 in all which we ſuppoſe the 
Radius of the Circle, when 7, , ts, expreſs the ſaid Quantities, to be 
equal to Unity, as above *. 

All that we have explained concerning the Computation of the Lines 
in an Ellipſe in the 1ſt Scholium, may be referred to the Earth, whoſe 
Section through the Meridian, we ſuppoſe to be repreſented by the ninth 
Figure itſelf. 

But before all things we muſt determine the Proportion between the 
Axes of the Ellipſe, chat is, between CP and CE, or « and æ *. oy 

We therefore ſeek aÞ; becauſe 1, @ : : 22, u“. The Computa- 


tion is eaſy by Logarithms ; and we finder 55 136900, 73 r* 88 = 


52171,2; r* tt 88 271604; r* tt 55 = 185916, 9 whence we de- 
84720, 
88688, f. 

That is, 2, u,: : 178, 3. 17, 3. nearly. 

We have now two Ways to diſcover z (CE) whether we make uſe 
of r, 5, t, or r, s, t,*; and Ee the Diameter of the Equator is of 
3399474 Rhynland Perches ; whence we deduce, that the Axis contains 
3380406 Perches T. And the mean Diameter is of 3389940 Perches. 

We find the Radius of Convexity in any Point, when it's Latitude is 


duce & => 


* 


3 
given by this Æquation, r= A "ar" 
Ia N 
Under the Pole the Angle IBE is a right one; therefore q and 7 are equal 
and infinite; therefore 1 — = . Then the Radius of Convexity 1s 
5 


the greateſt of all. 


But the Convexity is the greateſt, and the Radius of Convexity the leaſt, 
under the Equator. Then s = 1, and ? = 0; whence 7 = 42. 
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We may diſcover the Magnitude of a Degree of Latitude from the 
Radius of Convexity; for 4068,71 : : r, to the required Degree *: and * 7 — 
thus we have determined the greateſt and the leaſt Degree +. It the 


Mag- + 4330. 
nitude of any Degree of Latitude whatever be given, the Radius of Con 13 


| given vexity 4430. 
is determined“; and the Latitude to whic this anſwers, may be diſ- * 4420. 


1 3 1 

covered by the following Equation, tt = 2 aer G : T3 for the 4,491.49: 

Tins dil ren, the Angie is gives. e | 

angent being given, the Angle is given. What has been ſaid of the 1. 
Place of the mean Degree is built upon this Computation. as 


We alſo now eaſily find the Radius of any Circle of Latitude, namely 
HI=CD=x; for x = 


1 Ty and 4068,71 > , tO the * 4362. 
1 +att\® 


Degree of Longitude in that Latitude +. T 4420. 


SCHOLIUM IV. 
The Determination of Gravity in different Places. 


E have ſeen before from Obſervations made with a Pendulum 4432. 
carried from one Place to another, that it is evident, that Gravity 

at the Altitude of the Pole of 48 Deg. 50. is to the Gravity under the 
Altitude of the Pole of 66 Deg. 48, as 728,6 to 729,6 *,z which being“ 4335. 
given, the Gravities in all Places of the Earth are compared together, b 

1 to our Aſſiſtance, what we have demonſtrated above , and this 444 14.4397. 
is the Rule. 


As the Difference of the Squares of the Sines of the ſaid Angles of 66*. 48; 


and 48*. to the Difference of the Square of the Sines of one of theſe Angles, * 
and of any Angle given; ſo is the Difference of the Gravities in the firſt of 
theſe Places, to the Difference of the Gravities in the laſt, 

But all the Computations become more ſimple if firſt we diſcover the 4434. 


Gravity under the Æquator, becauſe the Sine of Latitude and therefore 
it's Square = 0. . 

The Lengths of Pendulums which perform their Vibrations in equal 4435. 
Times, are to one another as the Gravities *, and are compared together * 431. 
in the ſame manner as them. 

We have ſeen that the Length of a Pendulum, which vibrates Seconds 4436. 
at Paris, is 440,57 Lines of the Paris Foot, and therefore 456,42 Lines 
of the Rhynland Foot, whence we reaſon thus; 

| 728,6; 729,6 : : 456,42 z 457,08 *. * 4335+ 431+ 

And we have the Length of a Pendulum for an Height of the Pole 
of 66˙. 48. | 

As e Difference of the Squares of the Sines of the Latitudes 66˙. 4437. 
48“, and 48*. 50. to the laſt Square, ſo the Difference of the Lengths 

Vor. II. Ccc found, 
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found, o, 66 to the Difference of the Paris Pendulum from the Pendu- 
433.4434 lum under the Æquator *, which is diſcovered to be 1, 28; and the 
Length of that Pendulum is 483, 14. | 
4438. As the Square of the Sine 48*. 5o'. to the Square of the Radius, ſo is 
-- 1,28 to 2,26 the Difference of the Length under the ZEquator and the 
Pole, in which Place therefore the Length of a Pendulum is 337, 40. 
4439. For any other Latitude whatever we work thus: As the Square of the 
| Radius, namely of the Sine of the Latitude of the Pole itſelf, is to the 
Square of the Sine of the given Latitude, ſo is 2,26, the Length to be 
added to a Pendulum under the Æquator to have the Pendulum under 
the Pole, to the Length to be added to that ſame Pendulum under the 
Equator, to have a Pendulum that will vibrate Seconds in a Place pro- 
4433. poſed “. | | 


C HA P. XVIII. 


The phyfical Explanation of the Motion of the 
| Earth's Axis. 


4440. HAT the Nodes of the Moon go back, that is, are moved 
* 4289. in Antecedentia *, and that the Inclination of it's Orbit is 


＋ 4295. liable to Change +, we have already demonſtrated ; let us conceive 

ſeveral Moons to be at the ſame Diſtance, revolving in equal 

Times about the Earth, in a Plane inclined to the Plane of the 

Ecliptic ; it is evident they will all be agitated by the ſame Mo- 

tions: Let us conceive the Number of the Moons to be increaſed, 

ſo as to touch one another, and form a Ring, whoſe Parts cohere; 

whilſt one Part of the Ring is attracted, to increaſe the Inclination, 

the other Part is agitated by a contrary Motion, to diminiſh it's In- 

* 4293. clination * ; the greater Force in this Caſe prevails, that is, zn the 

4441. Motion of the Line of the Nodes, from the Quadratures towards the 

Syeygies, the Iuclination of the Ring is diminiſhed in each of it's Re- 

* 4297. Volutions * , and it is the leaſt of all when the Line of Nodes is in the 

+ 4298. Syzygies +. On the contrary it's Inclination is increaſed, when the 

4442. Line of Nodes is carried from the Syzygies towards the Quadratures x; 

* 4299. and it is the greateſt of all, when the Line of the Nodes is in theſe 

+ 4300. aft +. The Line of the Nodes is continually carried in Anteceden- 
4443. tia, unleſs when it is at reſt in the Syzygies &. : F 

* 4289.4292. Tf the Quantity of Matter in the Ring be diminiſhed it's Motions 

4444. vill not be changed ; becaufe they depend upon Gravity, which acts 

* 4048, equally upon every Particle of Matter ex. i 
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If the Diameter of the Ring be diminiſhed, theſe Motions are di- 


miniſhed in a Ratio of this Diminution &, but none of them wholly * 


vaniſh; and it is agitated by the ſame Motions though Ieſs. 

Let us conceive the Earth to be ſpherical; and in the Plane of 
the /Equator, which makes an Angle of 23 Deg. 29 Min. with 
the Plane of the Ecliptic, let there be a Ring, revolving in the 
ſame Time as the Earth; let it be diminiſhed fo as to touch the 
Earth and cohere with it; by this the aforeſaid Motion of the 
Ring will not be deſtroyed; for ſince the Earth is kept in a deter- 
minate Situation by no Force, it yields to the Impreſſions of the 
Ring, whoſe Agitations are yet diminiſhed, the Matter to be moved 
being increaſed, and the moving Force remaining the ſame. 

And this is truly the Caſe; for the Figure of the. Earth is ſphe- 
rical, encompaſſed with the Ring at the Equator, whereby the 


Earth is more elevated towards the AÆquator *, the Line of Nodes 


of which Ring is the Section of the Planes of the Æquator and 
Ecliptic. Whence we deduce the following Concluſions * 
In the ÆAquinoxes, the Inclination of the Æquator is leaſt of all *; 
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4445. 
4.302. 


4446. 


4447- 
4311. 


4448. 


and therefore the Inclination of the Axis is the greateſt ; for it makes * 4441. 
a right Angle with the Plane of the Equator . Afterwards, the + 3879. 


Inclination of the Æquator is increaſed, that is, the Inclination of the 
Axis is diminiſhed, till the Sun comes to the Solſtices, where this In- 


clination of the Axis is the leaſt of all, and that of the Aquator is the 


eateſt *, * . 
Therefore twice in a Year the Inchnation of the Axis of the Earth 44 50. 


4449- 


4.2 


is diminiſhed and tawice increaſed. And the Section of the Plane of 4451. 


the Æquator with the Plane of the Ecliptic, which is at reſt in the 


Aqui noxes, the reſt of the Time is moved in Antecedentia *, * 4443. 


The Plane of the Aquator is alſo inclined to the Plane of the 
Moon's Orbit; for it makes a ſmall Angle with the Plane of the 


44.52. 


Ecliptic t; and therefore the Moon acts in the ſame manner upon 4 3742. 


the Ring as the Sun; and although the Moon be leſs, yet, becauſe 
it is much leſs diſtant than the Sun, it exerts a greater Action upon 


the Ring. Wherefore alſo the Inclination of the Axis of the Earth 4453. 
to the Plane of the Moon's Orbit * (and conſequently to the Plane 4450. 


of the Ecliptic) is twice changed in every Revolution, and twice re- 


fared by the Action of the Moon : and the Section of the Plane of the 


Equator, with the Plane of the Moon's Orbit“, is carried in An- 4451- 


tecedentia: From which Motion it neceſſarily follows, that the Sec- 
tion of the Plane of the Aquator, with the Plane of the Ecliptic, 


changes it's Place. 
1 - Ste The 
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4454. We Changes of the Inclination of the Axis are too ſmall to be ob- 
4455. ſerved; but the Change of Place of the Line of the Aquinoxes, and the 
Metion of the Axis which follows from it, being always carried the 
ſame Way, at laſt becomes ſenſible ; and from theſe follow the Phæ- 


* 4017. 4013, nomena before explained *. 


CH AP. XIX. 
Concerning the Tides. 


4456. IN CE the Tides depend upon the abovementioned Actions 
of the Sun and Moon, they muſt not be neglected here. 

That we may explain them from the Principles already laid 

down, we muſt conſider that the Earth, as alſo all Bodies near it, 

* 4047. gravitate towards the Moon *; therefore the Particles of Water in 

the Earth's Surface, which tend towards the Earth's Surface, which 

tend towards the Center of the Earth, or near it, are carried with 

1 4325. it towards the Moon t. Since alſo the ſolid Maſs of the Earth is 

carried towards the Moon, according to the Laws which would ob- 

tain, if all the Matter of which it conſiſts was collected in it's Cen- 

* 4082, ter *; what has been demonſtrated in Chap. xvi. of the Action of the 

4457. Sun upon the Moon, falling towards the Earth, whilſt with the Earth 

it goes towards the Sun, may be applied to the Action of the Moon 

upon the Particles of Water in the Earth's Surface, which don't 

cohere with the Maſs of the Earth, but tend towards it's Center, 


and continually with it's Maſs fall towards the Moon; by which 


* 4210, Force, as we have ſhewn *, the Earth is kept in it's Orbit, about 
the common Center of Gravity of the Earth and Moon. 

4453, Let 8 be the Moon; ALB] the Surface of the Earth, whoſe 
Plate 127. Maſs tends towards the Moon, as if it was all collected at T; by 
Fig. 1. the Action of the Moon, the Particles of Water, A and B, acquire 
* 4219. a greater Gravity towards T*; on the contrary, the Particles at L., 
+4225.4228, loſe of their Gravity + ; whence we deduce, that if the whole Earth 

was covered with Water, there would not be an Æquilibrum un- 
leſs this Water was more elevated in the Points L and J, than in a 
whole Circle go Deg. diſtant from theſe Points; and therefore paſ- 


4459. fing through the Points A and B; and therefore by the Action of 


the Moon the Water acquires a ſpheroidical Figure, formed by the Re- 
volution of an Oval about it's greater Axis, which, being continued, 
goes through the Moon, 

Let 
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Let us ſuppoſe the Moon in the Zquator ; all the Sections of the 4460. 
Earth which are parallel to the Æquator, as they are alſo parallel 
to the Axis of the Spheroid “, are oval, whoſe greater Axes paſs * 44 59. 
through the Meridian of the Moon ; whence it follows, that te 4461. 
Earth being at reſt, in any Circle of Latitude, the Water is more 
elevated in the Meridian in which the Moon is, and in the oppoſite 
Meridian, than in the intermediate Places. 


DEFINITION. 


The lunar Day is the Time ſpent between the Moon's going from 4462. 
the Meridian and coming to it again. This Day is divided into 24 
lunar Hours: It is 50 Minutes longer than the natural Day. 
From the Motion of the Earth round it's Axis, every lunar Day, 4463. 
© every Place 2 through the Meridian of the Moon; and the op- 
0 8 Meridian, that is, twice paſſes through that Place, where the 
5 ater is raiſed by the Aion of the Moon, and twice through that 4464. 
Place, where the Water is depreſſed by the fame Action!“; and fo & 4461. 
in a lunar Day the Sea 1s twice elevated, and twice depreſſed, in any 
aſſigned Place. 
By the Motion of the Earth round it's Axis, the elevated Water 4465. 
continually recedes from the Meridian of the Moon; yet by the 
Action of the Moon *, the Axis of the Spheroid paſſes through the * 4459. 
Moon; therefore the Water is continually agitated, that the Ele- 
vation, which on account of the Motion of the Earth is removed, 
may be brought under the Moon. Therefore the Water continually 
flows from A and B towards L and /, whilſt by the Motion of the 
Earth, the Elevation is carried from L towards B, and from / to- 
wards A ; that is between L and B, as alfo between / and A, there 
are two contrary Motions, by which the Water is accumulated more; 
ſo that the greateſt Elevations are between theſe Points (viz.) not di- 
rely under the Moon, but on one Side of that Point, and likewiſe 
aſide of the oppoſite Point, that is in any Place, the Water is moſt 4466. 
elevated, two or three Hours after the Moon has. paſſed the Meridian of 
the Place, or the oppoſite Meridian. 5 
The Elevation of the Waters towards the Moon a little exceeds the 4467. 
bofite one *, the Aſcent of the Water is diminiſhed as you go towards 4468. 
the Poles, becauſe there is no Agitation of Water there. * 4457-4229- 
What has been demonſtrated, in relation to the Moon, may be 
applied to the Sun; therefore from the Action of the Sun, every na- 4469. 
tural Day the Sea is twice elevated, and twice depreſſed %. This * 4464. 
Agitation 
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Agitation is much 175 on account of the immenſe Diſtance of the 


Sun than that which depends upon the Moon; yet it is ſubject to the 


fame Laws. 


4472. 
4473. 


* 4402. 
4474 


4475. 


4476. 


44674471. 
1477: 


The Motions, which depend upon the Actions of the Moon and 
Sun, are not diſtinguiſhed but confounded, and from the Actions of 
the Sun, the lunar Tide is only changed, which Change varies every 
Day, by reaſon of the Inequality between the natural and lunar 
Day *. | 
15 the Syzygies, the Elevation, from the Actions of both Lumi- 
naries, concur, and the Water is more elevated. 

' The Sea aſcends leſs in the Quadratures; for where the Water is 
elevated by the Action of the Moon, it is depreſſed by the Action 
of the Sun, and ſo on the contrary. Therefore, wwh:l/t the Moon 


paſſes from the Syzygy to the Qyadrature, the daily Elevations are 


continually diminiſhed: On the contrary, they are increaſed, when 
the Moon moves from the Quadratures to the Syzygy. 

At a new Moon alſo, ceteris port bus, the Agitations are greater, and 
thoſe, that follow one another the ſame Day, are more different than at 
a full Moon *. SH 

The greateſt and leaſt Elevations are not obſerved, till the ſecond 
or third Day after the new or full Moon; becauſe the Motion ac- 


| quired is not preſently deſtroyed from the Attrition, and other 


* 4006. 
447 8. 


Cauſes, by which acquired Motion the Aſcent of the Water is in- 
creaſed. Although the Action by which the Sea is raiſed be di- 
miniſhed; ſomewhat like to what we have demonſtrated elſewhere 
concerning Heat “. | | 

If now we conſider the Luminaries receding from the Plane of 
the Aquator, we ſhall perceive that the Agitation is diminiſhed, 
and becomes lefs, according as the Declination of the Luminaries be- 
comes greater. Which plainly appears, if we conceive them to be 
in the Poles; for then the Axis of the ſpheroidical Figure coincides 
with the Axis of the Earth; and all the Sections, that are parallel 
to the /Equator, are perpendicular to the Axis of the Spheroid, and 
therefore circular. So that the Water, in every Circle of Latitude, 
will have every where the ſame Elevation; and fo in the Motion of 
the Earth, the Height of the Sea is not changed in particular Places. 
If the Luminaries recede from the Poles, it is eaſy to find, that the 
Agitation will be more and more increaſed till it be the greateſt of 
all, the Spheroid revolving about a Line perpendicular to the Axis, 
the Axis of the Spheroid being ſuppoſed in the Plane of the 
Equator. 


Hence 
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Hence it is plain, why in the Syzygies, near the ZEquinoxes, the 
Tides are obſerved to be = e Tow, 3 being in or TY 
near the Aquator. | 
The Actions of the Moon and Sun are greater, the leſs thoſe Bodies 4.480. 
are diſtant from the Earth *; but when the Diſtance of the Sun is“ 4302. 
leſs, and it is in the South Signs, often both the greateſt æquinoc- 
tial Tides are obſerved in the Situation of the Sun ; that is, before 
the vernal, and after the autumnal Æquinox, which yet does not 
happen every Year; becauſe ſome Variation may ariſe from the 
Situation of the Moon's Orbit, and the Diſtance of Syzygy from the 
uinox. 
9 Places diſtant from the Equator, as the Luminaries recede from 4481. 
the Equator, the Elevations that happen the ſame Day are unequal. Plate 127. 
Let PP be the Axis of the Earth, EE the Æquator, L a Circle Fig. 8. 
of Latitude; AB the Axis of the ſpheroidical Figure which the 
Water forms: When a Place in the Circle L/ is given at L or /, 
it is given in the ſame Meridian with the Axis of the Spheroid, and 
the Water is moſt elevated, in both Caſes; yet at L it is more ele- 
vated than at /; for CL exceeds Ci, which Lines meaſure the 
Heights of the Waters, that is the Diſtances from the Center : 
Theſe Lines would be equal if AL and BY, (which are the Di- 
ſtances from the Axis of the Spheroid) were equal. But CI is 
leſs, becauſe B exceeds AL, which ariſes from the Inclination 
of the Axis of the Spheroid to the Equator. 
As long as the Moon is on the ſame Side of the Equator with any 4482. 
Place, that is, towards the Line CA continued, the Elevation of 
the Water 1s obſerved to be greateſt every Day, after the Moon has 
paſſed the Meridian of the Place, for there is the greateſt Elevation 
when the Place is come to L; but the Equator ſeparates, or is 4483. 
between the Moon and the Place, of which we ſpeak, that is, if the 
Moon be towards the Line CB continued, the Water again at L 
will come to the greateſt Height, and, every Day, the greateſt 
Elevation of the Sea will be, after the Moon has paſſed through the op- 
pofite Meridian. . 
All Things, which have been hitherto explained, would exactly 4484. 
obtain, if the whole Surface of the Earth was covered with Sea ; 
but ſince the Sea is not every where, ſome Changes ariſe from 
thence not indeed in the open Sea; becauſe the Ocean is extended 
enough to be ſubject to the Motions we have ſpoken of. But te 4485. 
Situation of the Shores, the Streights, and many other Things depend- | 
ing upon the particular Situation of the Places, difturb theſe 8 
es. 
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Rules, Vet it is plain from the moſt general Obſervations, that the 
Tide follows the Laws which we have explained. 


What remains is, to determine the Forces with which the Sun 


and Moon act upon the Sea, that it may appear, that they are able 


to produce the Effects which we have mentioned; and that the 


Actions of thoſe Bodies, upon Pendulums and other Bodies, are 
inſenſible. 


The Increaſe or Addition to the Gravity of the Moon in the 
Quadratures, from the Action of the Sun, is to the Gravity of the 
Moon towards the Earth, as 1 to 178, 73 *. In which Computa- 
tion we have ſuppoſed the mean Diſtance of the Moon, from the 
Center of the Earth, to be 60 Semidiameters of the Earth 4; there- 
fore the Gravity of the Moon is to the Gravity on the Earth's Sur- 
face, as 1 to 60 X 60 = 3600 *. Therefore the abovementioned 
Increaſe is to the Gravity on the Earth's Surface, as 1 to 643428, 
in which Computation there is an Error to be corrected. 

This Computation would be exact, if the Increaſe, of which we 
ſpeak, was to the Force, with which the Earth deſcends towards the 
Sun, as the Diſtance of the Moon (which is 60 Semidiameters of 
the Earth) to the Diſtance of the Earth from the Sun * ; but it is 
as the true mean Diſtance of the Moon, which is 60+ Semidiame- 
ters of the Earth, to the Diſtance of the Earth from the Sun. 
Wherefore the Increaſe, that we have juſt determined, ought to 
be ++; Part increaſed, and will be to the Force of Gravity on the 
Earth's Surface, as , to 643428, or as 1 to 638110. 

This Increaſe of the Gravity of the Moon, in the Quadratures 
from the Action of the Sun, is to the Increaſe of the Gravity of the 
Water on the Earth's Surface, in Places which are go Deg. diſtant 


from the Sun, (from the ſame Action of the Sun) as 60+ to 1 *. 


Therefore this Increaſe of the Gravity is to the Gravity of the 
Water itſelf as 1 to 3860 5679. The Diminution of the Gravity, 


under the Sun, and in the oppoſite Place, is double this Increaſe * ; 
therefore it is to the Gravity as 1 to 19302839, and the whole 


Change in the Gravity, ariſing from the Action of the Sun, is to the 
Gravity itſelf, as 1 to 12868 560, 

In order to compare the Action of the Moon with the Action 
of the Sun, we muſt make Experiments in Places, in which, by 
reaſon of the Narrowneſs, the Sea is ſenſibly raiſed, Near Briftol 
at the Autumn and Spring, at which Times the Agitation of the 
Sea is greateſt *, the Water aſcends in the Syzygies about 45 Feet, 
more or leſs, in the Quadratures about 25 Feet, more or leſs. Which 


Numbers are to one another, as g to 4. The 
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The Determination of the Forces, which we would find, if the 4492. 

greateſt and leaſt Elevations were exactly at the Time of the Sy- | 

. 3 be very eaſy, which we have ſhewn before not to 
pen ſo &. 

The Diſtance of the Moon from the Syzygy, or theQuadrature, 
is not always the ſame in the greateſt or leaſt Elevation; for this 
Diitance varies, becauſe the Moon is ſometimes more and ſome- 
times leſs, diſtant from the Meridian, when it goes through the 
Syzygy or Quadrature, The mean Diſtance of the Moon from the 
Syzygy, or Quadrature, to which the aforeſaid Obſervations ought 
to be referred, is about 18 Deg. 30 Min. ſo that the whole Action 
of the Sun neither conſpires with the Action of the Moon in the 
SyZygies, nor acts contrary to it in the Quadratures. Alſo in ſuch 
a Caſe, if at the Syzygy, both the Luminaries be in the Aquator, 
in the faid Diſtance from the Quadrature, the Declination of the 
Moon is 22 Deg. 13 Min. more or leſs; whereby the Force of the 
Moon to move the Sea is diminiſhed *. Beſides, ceteris paribus, * 
the Diſtance of the Moon from the Earth at the Syzygies is leſs, 
than at the Quadratures +; whence alſo the Action of the Moon is + 4 54.456. 
diminiſhed at the Quadratures *: By attending to all which Things * 4480. 
we may diſcover, that the mean Force of the Sun, to move the Sea, 4494. 
is to the mean Force of the Moon to move the ſame as 1 to 4, 4815. 
But the Force of the Sun is to the Force of Gravity as 1 to 12868 560*,; * 4490. 
vherefore the Force of the Moon is to the fame Force of Gravity, as 1 4495. 
to 2871485. From whence it follows, that theſe Forces of the 
Moon and Sun are too ſmall, to be ſenſible in Pendulums and other 
Experiments; but it is eaſily proved, that they are capable of agi- 
tating the Sea. 


By diminiſhing the Gravity on the Earth's Surface ,; Part, 4496. 
the Sea is raiſed to the Height of 9534 Perches, that is 114408 
Rhynland Feet *, For each Perch contains 12 Feet; whence by 4333. 4323. 

the Rule of Proportion 4, we find that the Action of the Sun changes Þ 4490. 
the Height of the Sea near two Feet, and that the Action of the 4497. 
Moon changes it 7,83 ; and that from the joined Action of both, the 4498. 
mean Agitation is about 10 Feet, which agrees pretty well with Ob- 4499. 
ſervations, for in the open Ocean, as the Sea is more or leſs open, 
the Water is raiſed to the Height of ſix, nine, twelve, or fifteen Feet; 
in which Elevations alſo there is a Difference ariſing from the 
Depth of the Waters, where the Sea wiolently enters into Streights 4 p00. 


. or Gulphs; the Force is not broken, till the Water riſes higher. 
. D dd CHAP. 
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CHAP, XX. 
Of the Moon's Denfity and Figure. 


HE Forces of the Sun and Maon, for giving Motion to the 

Sea, are to one another, in a Ratio compounded of the Ra- 
tio of the Quantities of Matter in theſe Bodies * (for all the Par- 
ticles of Matter a&) and the inverſe Ratio of the Cubes of the Di- 
ſtances of the Sun and Moon from the Earth +. 

The Quantities of Matter are in a Ratio compounded of the Ra- 
tio of the Bulks, that is, of the Cubes of the Diameters *, and the 
Ratio of the Denſities + ; wherefore the Forces abovementioned 
are directly as the Denſities, and the Cubes of the Diameters, and 
inverſely as the Cubes of the Diſtances. Here we ſpeak of the 
mean Denſities, . as we have determined them above for different 
Planets *. | 

The apparent.Diameters of Bodies, that .is, the Angles under 
which they are ſeen, increaſe as the Diameters themſelves, and di- 
miniſh as the Diſtances ; that is they are directly as the Diameters, 


and inverſely as the Diſtances; therefore the Ratio compounded of 


4 504. 


the Ratios of the Cubes of the apparent Diameters of the Sun and 


Moen, and of the Ratio of the Denſities, will be the Ratio of the 
Forces, whereby thoſe Bodies act upon the Sea. Therefore the 
Denſities of thoſe Bodies are directiy as thoſe Forces, whereby they 
move the Sea, and inverſely as the Cubes of their apparent Diameters ; 
and dividing the Forces by the Cubes of thoſe Diameters, you 
have the Ratio of the Denſities, - V 
The Force of the Sun is to the Force of the Moon, as 1 to 4, 


4815 *; the mean apparent Diameter of the Sun is 32 Min. 12 


Sec. and the mean apparent Diameter of the Moon is 31 Min. 
16: Sec. that is, they are to one another, as 3864 to 3753. There- 
fore the Denjity of: the Sun is to the Moon's: Denſity, as 10000 70 
48911: which Denſity of the Moon may be compared with the 


- Denſities of Jupiter, Saturn, and the Earth * and the Moon is 


denſer than the Earth, 

The Quantities of Matter in two Bodies are to one another, in a 
Ratio compounded of the Denſities and Bulks *; that is, if the 
Bodies be Spheres, in a Ratio compounded of the Denſities and 
the Cubes of the Diameters. The 
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The Denſities ꝙ the Moon and Earth are to one another as 48911 4508. 

to 39539 * ; the Diameters as 20 to 73+. Therefore Quantities * 4505.4168. 

of Matter, in thoſe Bodies, are as 1 to 39, 31. or as ©, o5 12 70 3750 

0, 0013. Though the Denſities be diſcovered, if you ſuppoſe the 

Bodies to be homogeneous ; yet the Quantities of Matter will be 

rightly defined, though the Bodies are not homogeneous; for we 

determine the Denfity which that Body would have, if the Mat- 

ter, of which the Body really conſiſts, was equally diffuſed all 

over it *. * 4171. 
The Gravities, on the Surfaces of the Earth and Moon, are deter- 4.509. 

mined, by multiplying the Denſities by the Diameters *, that is, * 4086, 

they are to one another nearly as 3 to 1, or as 431 % 146, which 

Number alſodoesexpreſs the Relation of Gravity on the Surface of the 

Moon, with the Gravities on the Surfaces of the Sun, Jupiter and 

Saturn w. if * 4166. 
The common Center of Gravity of the Moon and Earth, about 4510. 

which both Bodies are moved, is determined ; for it's Diſtance, 

from the Center of the Earth, is to the Diſtance between the Cen- 

ters of both Bodies, as the Quantity of Matter in the Moon to the 

Quantity of Matter in both Bodies “; therefore 40, 31 is to 1: as 611.613. 

the Diſtance of the Moon, from the Earth, is to the required Di- 

ſtance of 'the Center of Gravity, from the Center of the Earth, 

which is found to be of 2543925 Perches, as is deduced from 

the known Diameter of the Earth *, and the Diſtance of the * 3750. 4321. 

Moon. bt | my 
To determine the Figure of the Moon, we muſt examine what 4511. 

Figure it would have, if it was fluid. If we conſider the Moon * 430. 

alone at reſt, it would be ſpherical T: If we conſider the Action + 4308. 


of the Earth upon the Moon, the Moon would acquire the Figure 


of a Spheroid, whoſe Axis would go through the Earth *®. The“ 445g. 
Force of the Earth, for changing the Figure of the Moon, is to 
the Force of the Moon upon the Earth, as 39, 31. to 1 +; and as 14508. 4048. 
the Diameter of the Moon to the Earth's Diameter , which are to t 447.4302. 
one another as 20 to 73, and the Ratio compounded of theſe is * 3751. 
10, 77 to 1. This Force of the Moon is to the Gravity upon the 
Farth's Surface, as 1 to 2871485 ; which Gravity on the Earth's | 4495. 
Surface is to the Gravity on the Surface of the Moon, as 431 to 
146*, or as 2871485 to 973166; wherefore the Action of the * 4509, 
Earth, for changing the Moon's Figure, is to the Gravity upon the 4512. 
Moon's Surface, as 10,77 to 973166, or as 1 7 903 59, the Gra- 
vity being changed on the _ Surface by 5577757 my 
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the Water is raiſed 8 Feet “; and therefore if Gravity was to be 
changed +++ Part, the Elevation would be 254 Feet, as is 
found by the Rule of Three. If keeping this Diminution of Gra- 
vity, we conſider a leſs Body, this Height muſt be diminiſhed, in 
Proportion to the Diameters: therefore, from the Action of the 
Earth, this Elevation of the Moon is of 70 Feet; and i the Moon 


be homogeneous, there will not be an Æmuilibrium, unleſs the Axis of 


the Spheroid exceeds the Diameter, which is perpendicular to it, 
140 Feet. 

The Elevation of the Moon, from the Action of the Earth, may 
be diſcovervd by one fingle Proportion, by knowing the Elevation 
of the Sea from the Moon's Action; for theſe Elevations are in a 
duplicate inverſe Ratio of the Gravities on the Surfaces of thoſe 
Bodies; of which Rule this is the Demonſtration. 

If equal Forces acted on thoſe Bodies, they would acquire ſimi- 
lar Figures; becauſe the Forces act in the ſame manner upon every 
Part. The Riſes therefore would be to one another as the Dia- 
meter, | 

Theſe Riſes alſo will be as the Forces themſelves, which are as 
the Quantities of Matter in the Bodies acting, and as the Diameter 
of the Bodies, whoſe Figures were changed *. Joining all the Ra- 
tios, the Riſes of Water in the Moon and Earth, are in a direct 
duplicate Ratio of the Diameters of thoſe Bodies, and the inverſe 
Ratio of the Quantities of Matter in them, that is, in the inverſ 
Ratio of the Gravity on their Surfaces. | 

To which Ratio, this very Ratio is to be added to make it du- 
plicate ; becauſe the Riſes are alſo inverſely as the Gravities acting 
on the Particles which are raiſed. | 

If, ſuppoſing the Moon to be of the Figure which we have 
now determined, we conceive the Parts to cohere, the Ægquilibrium 
between the Moon's Parts will not be given, unleſs the Axis of the 
Spheroid be directed towards the Earth; whence we ſee why the 
Moon ahways turns the ſame Face towards the Earth; for by the 
continual Agitation by which the Axis of the Spheroid is directed 
towards the Earth, the Moon at laſt has acquired a Motion about 
another Axis, of which Motion we have treated before *: which 
Motion is performed in the ſame Time as the Moon turns about the 
Earth; which follows from the before-mentioned. Action; for if 
the Celerity was greater, it would be continually retarded by the 
fame Force by which the Moon always turns the fame Face to- 


wards the Earth; but it would be accelerated continually, if the 
Celerity was leſs, Yet. 
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Yet this Force is great enough, to diſturb ſenſibly at each Re- 4520. 


volution the Æquability of the Motion acquired about the Axis: 


therefore, the Motion about the Axis is equable, thaugb the Moon be 4521. 
moved in it's Orbit by an unequal Motion *, The Situation alſo of * 3739. 
the Axis of the Moon, cannot be ſo changed by the Force above- 

mentioned, as to be always perpendicular to the Plane of the 

Orbit, whilſt it's Inclination is changed 1, therefore the Axis Ff 4293. 
the Moon is a little inclined to the Plane of the Orbit, as we have 4522. 
before ſhewn #, * 3904. 


The End of the SixTH Book. 


— 


4 « 
6 - \ NJ p \ * - 7 2 
* 2s Y » WW” LY 


Fd 
- 
F 
I - 
4 - . — — 1 ky 
* 25 A - 
= * \ ” 
gu £ 
| * | 
/ 
wow © as 


= 


| ND K X 


The Number I. and II. refer to the firſt and ſecond Volume, p. 
ſtands for page, and n. for the number in the margin, 


A. 


CCELERATION of a Body 
A in a Fluid, in Moments infinitely 
ſmall, is equable, I. p. 461. #. 

2003. Pp. 471. u. 2059. 

— of 8 Body ſoecitcally heavier than a 
Fluid, that deſcends in it, or ſpecifically 
lighter, that aſcends in it, I. p. 445. 1. 
1977. and following. p. 469. u. 2051. and 
fol. 

— Of what Kind, when ſeveral Actions 
together move a Body, I. p. 271. 3. 1148. 
and fol. 

— of a Body moving towards a Center, 
I. p. 134. #. 582. and fol. p. 148. andfol. 

Action, I. p. 166. n. 688. 

of a Body on a Lever, in what Ratio, 
I. p. 252. u. 1080. wy 

—— of different Bodies upon Light,of what 
Kind, II. p. 137. . 2841. 

— of two Bodies carried in different Di- 
rections, that run directly againſt a third 
Body at the ſame Time, I. p. 290. #. 1199. 
and fol. p. 292. 2. 1208. and fol. 

— the ſame can take away or communi- 
cate the ſame degree of Velocity, I. p: 
169. . 713. | 

— of a Spring. See Spring. 

— and Reſiſtance differ only relatively, 
I. p. 167. n. 695. 

— a {mall one ſometimes infinitely exceeds 
another ſmall one. I. p. 178. 3. 752. 

— in Colliſion is equal to the Re-aCtion, 
I. p. 228. 1. 984. | 

— Whole in a Lever, in what Ratio, I. 
p. 144. u. 5 10. and fol. 

— by which a Body is moved, how 
found, I. p. 168. 1. 706. 

— by which a Spring is bent, how de- 
termined, I. p. 327.n. 1340. 

— ina Lever, the ſmalleſt, I. p. 111, =. 
495+ 


Action, greateſt of an Animal. See Animal, 

— {mmalleſt in a Machine, when the wei ght 

and Power are determined, I. p. 115. », 
14. 

— . of all in a Machine, I. p. 110. 
1. 493. 

„ of a Body and Fluid is the 
ſame, whether the Body or Fluid be mov- 
ed, I. p. 437. 2. 1892. 

elaſtic Bodies is illuſtrated, I. p. 267. 
n. 1137. and fol. | 

— all * * Reſiſtance. I. p. 80. *. 
362. and fol 

— Of a Power may be reſolved into two, 
I. p. 67. u. 319. 

—— Of a Preſſure, in what Ratio, I. p. 171. 
N. 723. 

8 which a Body in Motion runs 
againſt two Planes, is determined, I. . 
282. 1. 1177. and fol. 

The Aion, which drives Water upwards. 
See Vater. 

— reſpective ſometimes to be diſtinguiſh- 
ed from the abſolute, I. p. 230. u. 995. 
—— whole in a Lever of the third Kind, 

2 n. 515. ä 

— ſmalleſt, how determined, I. p. 120. . 

36. and fol. 
T he ſame Action is produced by a Point 
running through a determinate Space, whe- 
ther the Point be moved faſter or ſlower, 
Ae 171. . 728. p. 199. #. 836. and 
4 | 


— 0 


The Actions of two Powers may be re- 
duced to one, I. p. 67. n. 318. 
— Whole in different Levers, I. p. 114. 
#. $11. and fol. 
— in the Lever, I. p. 45. u. 235. and fol. 
of Powers, I. p. 28. 1. 124. and fol. 
if ſeveral a& upon a Body, what Ve- 
locity they communicate to it, I. p. 271. 
z, 1148. and fol. 
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Actions, what are applied to Hydraulick Air, by preſſing upon Bodies, often breaks 


Machines. See Hydraulic. 
— of Forces. See Forces. 
Addition mechanical, I. p. 44. u. 227. 
Adnata, Fl, p. 173. n. 3063. 
Holipile, II. 5p. 69. n. 2441. and fol. 


Equation of Jupiter's Satellite, the firſt, II. 


p. 100. x. 2626. 
— the ſecond, II. p. 100. 3. 2628. 
— of Time. See Time, 
LEquetor celeſtial. II. p. 300. 1. 3879. 


them, when the Preſſure is not every Way 
equal, II. p. 26. 2. 2202. and fol. 

Air compreſſed, the various Effects of it, 
P. 30. u. 2225. and fol. p. 31. n. 2230. 

— the Elaſticity of it is as the Denſity, 
p. 5. u. 2100. 

— and Gravity 1s obſerved in an Experi- 
ment, p. 21. u. 2173. 

— the Force of it accurately determined, 
p. 22. n. 2183. and fol. 


Equilibrium of unequal Bodies in the Air, —— whence it ariſes, I. p. 22. u. 97. 


is deſtroyed in Vacuo, II. p. 19. z. 2166. 


and fol. 

— of a Balance, I. p. 38. ». 190. 

quinoctial Points, II. p. 311. u. 3982. 

LEquinoxes, preceſſion of, II. p. 315. 2. 
4021. and fol. p. 3 16. 2. 4031. 

— explanation of this Motion, II. p. 378. 
7. 4440. and fol. 

LE quiponderate, I. p. 38. 2. 191. 

—— unequal Bodies may, ibid. n. 192. p. 
39. 2. 196. 

— many Bodies may with fewer, I. p. 39. 
1. 199. and fol. 

— many Bodies may with one, I. p. 39. 
1. 197. and fol. 

Air, II. p. 2. 1. 2076. and fol. 

— compreſſed, what Space it takes up, 
p. 8. ». 2108. 


wn lated, what Space it takes up, p. 5. 


1. 2101. p. 7. u. 2106, and fol. p. 21. u. 
2173. and fol. 

— is the Vehicle of Sound, p. 49. 2. 
2319. p. 50. u. 2322. and fol. 

— celaſtic, p. 4. 2. 2096. & ſeq. p. 20. 
n. 2168. and fol. | 

— is heavy, p. 2. 2. 2034. & ſeq. p. 19. 
n. 2163. and fol, 

— is a Mixture of various elaſtic Fluids, 
p. 10. . 2122. 

—— Yields to any impreſſion, p. 2. u. 2083. 

— in a high Place does not only differ in 
Denſity, from the lower Air, p. 11. 7. 
2123. 


I is leſs denſe in a Mountain, than in 


a Valley, p. 8. z. 2116. 

— all can never be taken out by the 
Air Pump, p. 13. #. 2136. p. 22. 2. 
2180. 

— may be weighed, p. 19. u. 2163. and 
fol. 

— preſſes equally every way, p. 4. 1. 
2092. and fol. 

— how it may be compreſſed. p. 28. u. 
2216. and fol. p. 32. 1. 2231. 

=— retards the Motion of Fluids, I. p. 381, 
#, 1592. Pp. 382. u. 1603. and fol, 


— the Effects of its Elaſticity like thoſe 
of Gravity, II. p. 9. . 2115. and fol. p. 
31. #. 2229. 

— Force of it equal to the Weight of the 
whole Atmoſphere, p. 9. 1. 2115. p. 20. 
2. 2170. and fol. 

Air, the Motion of it undulatory, P. 43. 7. 
2271. and fol. 

— the undulatory Motion of it commu- 
nicates a tremulous Motion to the Fibres 
of Bodies, p. p. 51. #. 2330. 

— ſome Parts of it enter into Water 
more eaſily than others. p. 12. u. 2132. 

— motion of a Particle of it, p. 42. 
1. 2273. and fol, 

— owing to the Elaſticity of the Air, 
p. 43. 7. 2276. and fol. 

—— 15 analogous to the Motion of a Pendu- 
lum, p. 45. 7. 2286, and fol. 

— — ſubje& to what Law, p. 46. 1. 2291. 
and fol. p. 58. . 2384. 

— in what Time it is made, p. 44. 7, 
2284. and fol. p. 58. u. 2384. 

— With what Velocity the Particles move, 
p. 62. n. 2389. 

——— With what Force they fly from one 
another, p. 8. 2 2111. P. 10. z. 2117. 
—— What accelerating Force they have, p. 

60. u. 2385. and fol. 

— the Number of Particles running 
againſt the Ear, in what Ratio, p. 62. . 
2388. 

2 Preſſure of it depends upon its height, 
P. 3. A. 2091. 

— ſenſible Effects of the Preſſure of it, II. 
P. 26. u. 2202. and fol. p. 31. 1. 2228. p. 
38. 1. 2259. and fol. 

Quantities and Elaſticities of it after 
every Motion of the Piſtons, make a ge- 
ometrical Progreſſion, p. 21. u. 2175. and 
fol. 

—— Solidity of it demonſtrated, I. p. 5. 
# 44. 

Wave of, II. 5. 43. #. 2271. 

— Motion of a Wave, p. 43. 1. 2272. 
and fol. Air, 


Air, Velocity of it, p. 46. u. 2293. and fol. 
Pp. 60. N. 2387, 

— greater in Summer than in Winter, p. 
47. 3. 2302. 

— When the Waves ceaſe, p. 45. n. 
2289. 

Air-pump, II. p. 13. . 2136. and fol. 

—— ſingle barrel d one, p. 12. #. 2158, and 
fol. 

— in what Air-pumps differ, p. 13. #. 
2138. 

— COMMON ones, p. 40. 2. 2265. 

Altitude of the Pole, II. p. 307. n. 3947. 

— is equal to the Latitude, p. 307. ». 
3947. ; ; 

— by what Line determined, p. 366. #, 
4326. 

— of the Stars, p. 305. #. 3921. 

Amplitude of a Caſt, I. p. 125. . 546. 

— greateſt of all, p. 126. u. 553. 

— how changed, in a different Celerity, 
p. 126. K. $52: 

— of the Stars, II. p. 305. n. 3920. 

Angular Motion of a Body in an Ellipſe, 
that moves, I. p. 164. . 682. 

— of a Curve, how found, p. 164. 3. 68 2. 
and fol. \ 

— of an Ellipſe. See Ellipſe. 

Argle of Incidence, I. p. 276. z. 1161. II. 
p. 128. u. 2784. a 

— is equal to the Angle of Reflection, I. 
p. 276. u. 1163, 

— mixt, may be diminiſhed in infinitum, 
P. 7. n. 34. 

— of a Pendulum. See Pendulum. 

— of Reflection, p. 276. . 1162. 

— f Refraction, II. p. 128. 2. 2786. 


—— when leſs than the Angle of Incidence, 


p. 128. n. 2787. p. 130. . 2798. 

Angles of Incidence and Refraction have a 

conſtant Ratio to one another, p. 132. 
zz. 2809. and fol. p. 247. n. 35 12. 

— of two Rays, when equal, p. 129. 7. 
2790. and fol. 

Angles of Incidence and Refraction, Coſe- 
cants of them, p. 132. . 2812. and fol. 

Angles, decreaſing in infinitum, various Claſ- 
fes of them, I. p. 12. 2. 57. and fol. 

Avximalcula, the Subtilty of their parts, I. 
p. 8. u. 44. ; 

Animal, the greateſt Action of, how deter- 
mined, I. p. 429. . 1856. 

Animals in compreſſed Air, II. p. 33. *. 

* 

— cannot live without Air, p. 35. 3. 
2235. and fol. 

Apbelion, II. p. 279. n. 3701 


„1 


Apſides, I. p. 162. n. 674. II. p. 279. x, 
704. | 
Line of the Apſides. 

— Determination of the Motion of, I. 
p. 162. x, 674. and fol. 

Aqueous Humour. See Humour. 

Archimedes's Problem of mixt Metals, how 
ſolved, I. p. 374. u. 1569. and fol. 

Archs of the whole Vibrations of a Pendu- 
dulum in a Fluid, of what Sort, I. 5. 
457. #. 1984. and fol. 

Areas deſcribed by a Body retained by a 
centripetal Force, I. p. 135. . 585. p. 
151. . 641. 

1 28 mechanical, I. p. 44. u. 224. and 
ol. 

Aſcent of Bodies compared with their De- 
ſcent, I. p. 87. u. 396. and fol. 

Atmoſphere ER Glaſs. See Glaſs. 

— of the Earth, II. p. 2. . 2080. 

Atmoſphere of the Earth, its height. p. 2. 2. 
2081. 

— how diſcovered, p. 47. u. 2303. 

Effects of its Refraction, p. 305. *. 

27. 

$3 10 Shadow the Cauſe of the Eclipſes 
of the Moon, p. 297. u. 3854. and fol. 

— does not reach to Mars, p. 298. *. 

3859. 

Attraction, I. p. 16. n. 73. II. p. 320. n, 
4052. : 

— acts by a ſimple Application of Parts, 
I. p. 18. z. 80. and fol. 


——— Obtains between the ſmalleſt Particles. 


. 16. x. 74 & 76. 

BE 3 45 Phænomenon, not the 
Cauſe, I. p. 16. 2. 73. and fol. 

— is the Cauſe of Coheſion, I. p. 17. 
1. 79. 

— in Fluids, p. 16. 3. 76. and fol. 

— in the Contact of Particles is very 
great, p. 16. u. 75. 

Attraction changes itſelf into a repellent 
Force, ibid. 

c is not an occult Quality, p. 22. #- 

8. 

3 of the Rays of Light, of what Sort, 
II. p. 116. 2. 2724. P. 127. u. 2780. 5. 
133.8. 06. 

—— Where it obtains, p. 131. 1. 2805. 

of Glaſs on Water. See Mater. 

Attraction of the Rays of Light, the Cauſe 
unknown, II. bp. 121. . 2753- 

—— E of p. 131. u. 2806. 


Auges. See Apfides. 


Axis in Peritrochio, I. 9. 51. # 253.5. 51. 


*. 256, Avis 


r 


Axis, in Petjrochio joined to a Screw, p. 63. 
n. 304. 

. to a Pulley, p. 63. =. 303. 

— its Index. See Index. ; 

—— moſt perfect Uſe of it, how determin- 
ed, I. p. 112. . 499. and fol. 

— Of a Lenſe, II. p. 164. . 3002. 

— Of a Planet. See Planet. 

— of the Earth. See Earth, 


B. 


Balance, I. p. 36. n. 179. 

— in æquilibrio, p. 38. . 190. 

— Axis of, p. 37. u. 180. 

— — Center of, p. 37. 3. 181. 

— perfection of it, p. 40. u. 201. 

— its Points of Suſpenſion, p. 37. . 
182. 

— Weight of the Beam of it in all its 
Parts, how determined, p. 249. 7. 1074. 

—— deceitful, p. 39. 7. 195. 

— Hydroſtatical, p. 3 Th 1. 1480. and fol. 

— in which a falling Body raiſes Weights 
a little, p. 248. 1. 1072. 

— required for nice weighing of Bodies, 
Pp. 363. 2. 1522. p. 364. . 1524. and fol. 

Banks of Rivers, See Rivers. i 

Barometer, II. p. 23. 3. 2184. 

Bellows hydroſtatical, I. p. 350. 1. 1451. 

Black Bodies heat ſooneſt, II. p. 274. u. 
3663 & 3665. 

Bladder in compreſſed Air, II. p. 33. n. 
2238. 

Dok. gnary Body is extended, I. p. 3. . 13. 

— is diviſible in infinitum, p. 6. . 32. 
and fol. 

——- conſiſts of very ſmall Particles, p. 15. 
n. 64. | 

— s heavy, p. 31, 3. 174. 

— deſcending upon an inclined Plane, p. 
84. 1. 382. and fol. 

— is more difficultly accelerated than 
moved, p. 168. 1. 707. 

— i retarded, p. 169. . 714. 

— hard in a philoſophical Senſe, p. 15. 
u. 65. 

— fl the common Senſe, ibid. u. 64. 

— elaſtick, P. 21, 2, 96. 

— fluid, p. 15. 7. 68. 

— heterogeneous, p. 352. u. 1461, 

— homogeneous, p. 352.7, 1460. 

— ſoft in a philoſophical Senſe, p. 15. 
n. 67. | 

—— in the common Senſe, p. 15. u. 64. 

— falls, if the Center of Gravity is not 
ſuſtained, p. 40. u. 206. and fol. 


— deſcends ſwifter in a Cycloid than in 
a right Line, p. 98. . 455. 

—— whole Velocity is changed, reſiſts. p. 
166. x. 688. 


Body immerſed in a Fluid, how much it loſ- 


es of its Weight, p. 35 5. 3. 1478. p. 357. 
#, 1488. and fol. * * 


— moved in a Cycloid, p. 91. z. 414. 

— reliſts by its inertia, p. 166. u. 688. p. 
167, 1. 693. 

— moved in a Fluid, the Cauſes of its 
Reſiſtance, p. 436. u. 1885. and fol. 

— ſtriking againſt the Scale of a Balance, 
raiſes another greater, p. 247. 4. 1071. p. 
248. n. 1073. | 

ſuffers as much as it acts, p. 169. u. 

709. p. 193. 2. 836. and fol. 

preſſes by its Weight, p. 32. z. 151. 

projected, moves in a Curve, p. 122. 1. 


540. P. 123. u. 542. p. 124. #. 544. and 
ol. 


— projected upwards, how long it aſ- 


cends, p. 83. u. 378. and fol. 

— at reſt, reſiſts Motion, p. 4. 1. 19. 

— has no Force, p. 166. u. 692. 

s at reſt when the Center of Gravity 
is ſuſtained, p. 40. 1. 204. and fol. p. 41. 
n. 212. and fol. 

— reſiſts whilſt it acquires Motion, p. 80. 
1. 364. 

— acts by its innate Force, p. 166. u. 
688. 

one, p. 240. x. 1041, 

Body, the Diviſibility of it differs from tho 
Diviſibility of Extenſion, p. 6. u. 31. 

— Weight of it, p. 31. 2. 149. 

— its Properties, p. 3. u. 12. and fol. 

Bodies equally hot do not always act in the 
ſame Manner upon the ſame Body, II. p. 
83. u. 2515. 

— ſome grow hot more difficultly than 
other, P. 83. 1. 2510. 

— c conſiſts of Parts cohering together by 
Preſſure. See Preſſure. 

moved in a Fluid reſt at laſt, I. p. 453. 
n. 1963. 

— all fall equally faſt in Vacuo, p. 32. 1. 
162. and fol. II. p. 36. ». 2252.and fol. 


Borax, its Denſity compared with that of 
Oil. See Oil. 


Bottom of a River. See River. | 

Box, in which the Helioſtate is incloſed, II. 
p. 112. 2. 2701. and fol. 

Box, in which others are incloſed, II. p. 
122. 2. 2755. and fol. | 

Boxes terminated by Glaſs Planes, p. 123. 
n. 2758. and fol. 
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Boxes, having ſpherical Glaſſes, p. 123. u. 
2761. 
Boyle, his Experiment concerning the Duc - 
tility of Gold, I. p. 8. x. 40. and fol. 
Bradley determined the Motion of Light, II. 
p. 103. n. 2639. 

Braſil Pebble, II. p. 249. =. 3519. 

Bulks 3 of the Denſities, I. p. 353. 
1. 1464. 

— of Weights and Denſities, ibid.. 1466. 


C. 


Calcination, what, II. p. 86. . 2538. 

Cameleon, Propert of its Eyes, II. p. 179. 

nu. 3103. 

Capillary Tubes, I. p. 18. 1. 82. 

— immerſed in Water, attract it, p. 23. 
n. 104. and fol. | 

Ca//ini endeavoured to determine the Velo- 
city of Light, II. p. 99. ». 2621. 

Caſſegrain called himſelf the Inventor of 
the Teleſcope, II. p. 230. ». 3417. 

Caſt, Amplitude of it. See Amplitude. 

—— Direction of. See Direction. 

Cavity made by repeated Trials, II. p. 202. 
1. 848. and fol. 


— is of a determined Magnitude, if it 


be made by a Body moved with a deter- 
minate Velocity, p. 201. . 842. and fol. 
— follows the Proportion of the Sum 
of the Forces loſt, p. 201. 2. 841. and 
fol. p. 208. u. 872. 
Cavity, the Formation of one, of what Sort, 
p. 200. u. 840. 


Cavities made by Bodies ſtriking againſt ſoft 


8 of what Sort, p. 195. 2. 825. and 

ol. 

— made in ſoft Bodies, how meaſured, 
p. 268. 2. 975. 

— in ſoft Bodies, in what Time made. 
See Times, 

— do not differ when the Heights are 
myerſely as the Maſles, p. 198. . 834. 

— are ſometimes to one another in a 
Ratio compounded of the Maſſes of the 
and the Squares of the Velocities, p. 201. 
n 845. and fol. 

Cauſes retarding a ſpouting Fluid, I. p. 380. 
n. 1589. and fol. 

Cauftick Lines, the Points of them how diſ- 
covered, II. p. 213. ». 3314. and fol. p. 
217. #. 3340, and fol. 

Celerity. See Velocity. | 

Central Force, ſometimes cauſes a Body to 
deſcribe a Circle, See Circle. 

ſometimes cauſes a Body to deſcribe 

an Ellipſe. See E//iz/e, 


Central Force, ſometimes cauſes a Body to 
deſcribe various Curves, I. p. 147. z. 
624. and fol. 

Central Force, a Body may by it deſcribe a 
dot WY RP about the Center of the 

orces, I. p. 159. 2. 661. p. 160. 1. 665. 
and fol. Ka , 

Central Forces, I. p. 129. 3. 564. 

— of the ſame Nature with Gravity, 
what Effect they produce upon unequal 
Bodies, p. 147. u. 623. and fol. 

Central Forces compared together, of what 
Sort? I. p. 146. 3. 618. and fol. 

— are of great Uſe in Phyſicks, p. 129. 
1. 566. 

2 Ratio they have one to another, 
how determined, p. 147. u. 620. 

— the Cauſes of their Differences, p. 163. 
1. 591. 

ſometimes in an inverſe Ratio of 
the Squares of the periodical Times, 5. 
145. 7. 616. and fol. | 

— in an inverſe Ratio of the Squares of 
the Diſtances, p. 147. u. 621. and fol. p. 
153. # O55, 

— as the —_— of Matter, p. 141. 
u. 605. and fol 

as the Diſtances from the Center, 5. 
143. 1. 607. and fol. p. 153. u. 654. 

— in a Ratio compounded of the Quan- 
tities of Matter and Diſtances, p. 143. u. 
609. and fol. 

— When they are equal, p. 144. z. 611. 
and fol. 

Cenuri fuga] Force, I. p. 128. 2. 562. 

— is encreaſed according to the —_ 
ty of Matter, p. 135. u. 588. and fol. 
— isalways equal to the centripetal Force, 

p. 129. 2 

Centrifugal Force, a Body moved by it en- 
deavours to recede in the Tangent to the 
Curve, p. 128. x. 561. 

— ON a Plane begins to recede along 
the Curve that paſſes through the Center 
of the Plane, p. 133. =. 579. and fol. 

Centripetal Force, p. 129. 1. 563. 

— is a Preſſure acting upon a Body, p. 
135. . 587. ; 

— is given, when the Areas deſcribed are 
proportional to the Times, p. 135. K. 586. 
p. 15 1. 1. 642. f 

— is diminiſhed with the Quantity of 
3 135. 2. 588. and fol. 

— is always equal to the centrifugal 
Force, p. 129. #. 505. a ; . 

Centripetal Force, a Body in Motion retain- 


ed by it, deſcribes a Curve, p. 128. 5 . 


LN IE X; 


Centripetal Force, how a Body endeavours 
2 recede from this Curve, p. 128. n. 
561. 

Centripetal Force, a Body in Motion re- 
tained by it, what kind of Areas it de- 


ſcribes. See Area. 

— according to what Laws ſuch a Body 
is moved, p. 152. u. 648. | 

— in what plane it is moved, p. 133. 
n. 581. Pp. 151. 3. 640. 

Center of the Action of Powers, I. 5. 48. 
1. 246. 

— of Gravity, 9. 40. #. 202. p. 41. #. 
213. 

— is demonſtrated to be given, p. 42. 
n. 214. and fol. 

* how inveſtigated, p. 42. #. 216. and 
ol, 

— of Bodies joined how moved, p. 105. 
n. 476. and fol. 

of any Bodies whatſoever can either 
reſt, or go uniformly in a right Line, p. 
301. 2. 1232. 

—— — When it is at Reſt, p. 299. u. 1223. 
and fol. p. 303. #. 1243. and fol. 

— in a Ship is ſometimes at reſt, p. 300. 
u. 1227. and fol. p. 303. 2. 1245. and fol, 

— Of a Balance. See Balance. 

— of Oſcillation, p. 93. 2. 425. 


at what Diſtance from the Point of 


Suſpenſion in a right Line, p. 93. #. 

427 ä 

— how determined, p. 104. #. 471. and 
fol. p. 251. 3. 1077. 

— in Machines how determined, p. 117. 
n. 522. and fol. | 

— of Percuſſion, p. 242. #. 1050, 

—— Coincides with the Center of Oſcil- 
lation, p. 242. 1. 1051. p. 252. 1. 1078. 
and fol. 

Center of Gravity, its motion examined, p. 
299. u. 1223. and fol. 

— common, p. 301. 3. 1234. 

=—— the ſame before and after the ſtroke, 
p. 303. n. 1242. 

— is not changed, if the bodies run a- 
gainſt one another directly, p. 303. u. 
1245. and fol. p. 306, 1. 1252. and fol. 

— of Gravity, its Motion is not changed 
in the oblique Concourſe af two Bodies, 
p. 304. 1. 1248. 

— ſometimes is not changed, although 
the Motions of the Bodies be changed, 
p. 302. u. 1238. and fol. 

— Of Oſcillation determined in the Axis 

in Peritrochio. p. 117. u. 526. and fol. 

— in the Pulley p. 119. z. 530. and fol. 


asf in the Lever, p. 117. . 522. and 

ol. 

— of Percuſſion, its Property, p. 252. 
n. 1078. 

Change of Force, See Force. 

Channels of Rivers, See Riwver. 

Chord ſtretched, if it be put in Motion, 
ſometimes communicates Motion to 
-- a Chord, II. p. 56. u. 2372. and 
ol. | 

— {ometimes is at reſt in the Middle, p. 
57. u. 2375. 

— in two Points, p. 57. . 2376. 

Chord, Elaſticity of. See Elaſticity. 

—— Sagitta of it. See Saguta. 

Chords of the ſame Length and Tenſion 
are bent by equal Forces, I. p. 316. 


2. 1 . 

— of Catgut not to be conſidered as 
Fibres, p. 314. 4. 1278. 

Chords of Metal, the Proportions of their 
LENNY how determined, p. 315. . 
1282. and fol. 

Choroides, II. p. 174. u. 3068. 

Circle, generating, I. p. go. u. 409. | 

— may be deſcribed by a body moved 
with a Central Force, 9. 148. ». 627. p. 
149. #. 634. p. 150. 1. 638. p. 152. u. 
649. and fol. | 

Circles, the Ratio of their Surfaces to the 
Squares of their Diameters, p. 13. . 


3. 

Claſſes to which Bodies acting differently 
upon Light may be referred, II. p. 136, 
u. 2830, p. 137. u. 2834. and fol. 

— of Infinites. See {nfinttes. 

Clay, what Sort it ought to be, that its 
Parts may be eaſily preſſed inwards, I. 
p. 94. 2. 821. and fol. 
ouds, how cauſed, II. p. 86. n. 2543. 

—— their Colours, 2. 276. . 3682. 

— Two ſmall ones in the Heavens, p. 
317. u. 4040. 

Cacks, the Ratio of different ones to one ano- 
ther, how explored, I. p. 439- u. 1905, 

Coheſion of two leaden Balls, I. p. 18. 2. 
81 


3 Parts, p. 15, u. 69. 
— do be attributed to Attraction, p. 17. 


6. 79. 
— in Fluids illuſtrated by Experiments, 
p. 397, u. 1661. and fol. 
— ſometimes retards the Motion of 
Fluids, p. 378. 1. 1583. 
— accelerates the Motion of Fluids, 5. 
394. 1. 165 1. and fol., p. 396. . 1659. 
— of a Fluid, is the cauſe of the 
Eee 2 Reſiſtance 


„ NI 


Reſiſtance that a Body, moved in it, ſuf- 
fers, p. 435. n. 1886. and fol. 

Coheſion, of a Fluid in Motion, cannot im- 
mediately communicate Motion to a Body, 
p. 453. 1. 1950, 

Cobeſion of Parts, the Cauſe of Obſcure, p. 
16. . 71. 

— particular Law of, p. 16. . 72. 

Cold, II. p. 95. 3. 2600. ‚ 

— With Reſpe& to us, p. 95. 1. 2602. 

— Whether to be referred to the abſence 
of Fire alone, p. 96. u. 2603. 

Cold Bodies, II. p. 95. n. 2601. 

Colliſion of Bodies, l p. 216. 3. 917. and 
fol | 


— Which are made of various Bodies 
Joined, p. 240. u. 1043. and fol. 

— compound, p. 282. 1 1176. 

— direct of three Bodies, moved in the 
ſame Line, how determined, p. 284. 2. 
1179. and fol. 

— one of which penetrates through the 
other, which is perforated, p. 288. u. 
1195. and fol. p. 297, u. 1220. 

— double examined, p. 282. 1. 1176. 
and fol. | 

— difficult to be illuſtrated by Experi- 
ments, p. 292. 7. 1207. 

— if given, when the two are of equal 
Duration, p. 291, #. 1205. p. 293. #. 
1212. a 

— triple of three Bodies conſidered, p. 
308. 1. 1257. and fol. | | 

— What is demonſtrated concerning a 
Stroke againſt a fixed Obſtacle, may be 
referred to it, p. 238. u. 1027. 

— the leaſt would break Bodies perfectly 
hard, p. 217. 1. 928. 


Colliſon, none without an Introceſſion of 


Parts, p. 217. 2. 927. 

Colliſion, by it that Force of Bodies only 
is deſtroyed, whereby the Parts are preſſed 
inwards, p. 218. 3. 934. and fol. 

Colour of an Object, II. p. 245. =. 3497. 

— of a _ p. 245. n. 3498. 

— how diſcovered, p. 246. . 3500. 
and fol. | 

——— inherent in Rays, p. 248. x». 8514. 

— of Rays is not altered by Reflection, 
p. 252. u. 3589. and fol. p. 25 5. 1. 3556. 

— nor by Refraction, p. 248. x. 85 18. 
and fol. 

— nor by the Permixtion of Rays, p. 
255. 1. 3559. and fol. 

Colours of Bodies, whence they ariſe, p. 274. 
n. 3662. l 4 


— on what they depend, p. 275. 1. 3669. 


Colours, dark, whence, p. 275. n. 3674 

—— vivid, whence, p. 275. n. 3670. 

—— Of thin Plates, p. 266. u. 3619. and fol. 
The reſt ſee in Plate. . 

— of different Order in thin Plates, p. 
272. n. 3647. and fol. i | 
— are changed in mixed Liquids, p. 27c. 
u. 3676. — fol. , hs 

— of Clouds, p. 276. . 3682. 

— mixt generate other Colours, p. 256, 
#. 3573. 

and homogeneous appear different 


through a Priſm, p. 259. 1. 3574. and 
fol. 


Colours their Order ariſing from their diffe- 
rent Refrangibility, p. 246. u. 3501. 

Combuſtion, what, II. p. 86. . 2538. 

— not produced by Fire only, p. 90. 2. 
2568. and fol. p. 91. 2. 2575. 

Comets, II. p. 284. . 3753. 

the Motions of them, p. 284. u. 3754: 

and fol. 

— an Explanation of their Motions, 2. 
346. n. 4204. 

Computations of the Motions of a compound 
Pendulum. See Pendulum. 

Concourſe of Bodies in oblique Motions, 
without a mutual Action, when given, I. 
p. 308. . 1257. 

— all of Bodies is not ſtriking, p. 217. 
n. 924. 7 

Congreſs of Elaſtick Bodies, I. p. 37. u. 
182. and fol. 

Conjunction of heavenly Bodies, II. p. 259. 
1. 3793. 


Cones, the Compariſon of ſimilar ones, I. 


p. 205. n. 863. p. 206. 4. 867. 

Conſonances, how determined, II. p. 55. #- 

2367. and fol. 

— whence they ariſe, p. 55. u. 2360. 

Conflellations, II. v. 316. n. 4028. and fol. 

of the South Part. of the Heavens, 
v. 317. u. 4034. 

— of the Northern Part of the Heavens, 
p. 316, n. 4033. f 

Conſtruction geometrical, to determine the 
Velocities of three Bodies running againſt 
one another, and one of which pene- 
8 other, I. y. 289. 1. 1197. and 
ol. 

Converging Rays. See Rays. 

Cornea, II, p. 173. . 3062. 

Cryſtalline Humour. See Humour. 

Cry/allizatians are Examples of Attraction, 
L. g. 21. . 96. S 

Cryſtal, by being rubbed, becomes lucid, 

; II. . 81. 3. 2497+, 


Cry/7 a i, 


1 


Cry/tals, in Refraction, divide a Homo- 
geneous Ray into two, p. 248, x. 3518, 
and fol. 

_ its Ratio to a Cylinder, II. y. 13, 2. 

3. | 

— of Glaſs, II. y. 124, 3. 2767. 

Curſors, the Diſpoſition of them in a Pen- 
dulum, ſo that the Middle one coincides 
mY -" Center of Oſcillation, I, p. 192, 
x. 816. 


Cycloid, I. p. go. u. 409. 


—— inverted is the Line of ſwifteſt De- 


ſcent, I. py. 97. 3. 453, p. 109, n. 487, 
and fol. 


—— the Deſcription of it, v. 100, 2. 46r, 
and fol. 

— Properties of it, v. 71, n. 411, and fol. 
p. 98, u. 456, and fol. 

Cylindric Veſſels, in what Times they are 
emptied of Water, I. p, 392. 3. 1641, 
and fol. 


D. 


Dams, their Uſes and Inconveniences, I. v. 
408, 3. 1733, and fol. 
eclination of a Star, II. p. zoo, n. 3883. 

Degrees of Latitude encreaſe the nearer you 
go to the Pole, II. p. 366, 3. 4329. 

Degrees, Difference of their Latitude, p. 366, 
2. 4330. and fol, 

Denſity of a Body, I. y. 352, n. 1459. 

— Of Gold, p. 372, n. 1561. 

of Silver, v. 373, u. 1562. 

of Mercury, p. 373, 1. 1563. 

Denſities of Fluids how compared, v. 367, 
n. 1541, and fol. . 369, n. 1550, and fol. 
p. 371, u. 1556, and fol. 

— in communicating Tubes, p. 367, 3. 
1542, and fol. 

— of Fluids weighed, found to be as the 
Weights, p. 367, 3. 1541. 

— of two Fluids preſſing equally, are 
inverſely as the Heights, p. 367. n. 1542, 
and fol. 

— of Planets. See Planets: 

— of Solids, how found, p. 371, 3. 1558. 
P. 372, n. 1561, and fol. 

Denſities in Reſpect of the Weights and 
Bulks, p. 358, u. 1467. 

Derham, determined the Space run through 
by Sound in a Second, II. y. 52, u. 2338. 

Deſcent of heavy Bodies on an inclined 
Plane, I. p. 84, . 381, and fol. 

Diameters of Balls, if the Velocities be equal, 
are to one another as the Diameters of 
the Spots impreſſed by them, I. p. 387, 
3. 1395, and fol. 


Diapaſon. See Eighth. 

Diapente. See Fifth. 

Diateſſeron. See Fourth, 

Direct Rays. See Rays. 

Direction of a Caſt, how determined, I. p.. 
125, u. 548, and fol. 

Diftance to which a Fluid ſpouts obliquely, 
how determined, I. p. 387, 3. 1618. 
and fol. 

—— between the Centers of Suſpenſion and 
Oſcillation how diſcovered, p. 105, u. 474. 
p. 251, n. 1077. 

Diſtances negative of Bodies applied to a 
Pendulum, . 105, =, 475. Y. 251, u. 

Ditone, Il 6 
tone, II. v. 55, n. 2365. 

Diverging 8 See — 

Divers, the Machine in which they deſcend 
into the Sea, II. v. 32, =. 2232. 

Diviſibility of Matter, what, I. p. 3, 4. 10, 
p. 8, u. 45. f 

— Objections made to it, p. 7, u. 38. 

Diviſion Mechanical, I. p. 44, . 230. 


Diviſion in infinitum, innumerable Claſſes of 


it, p. 7, . 36. 
Drop becomes ſpherical, I. y. 16, and fol. 
of Oil or Water, attracted by Glaſs. 
See Oil. 


E. 


Ear, the Structure of it, II. p. 51, n. 2334s 
and fol. 

Earth is ſurrounded by a Fluid, II. Y. 2, 
n. 2077. 

— moves round the Sun, p. 339, 3. 4163. 
and fol. 

— one of the Planets, v. 281, n. 3729. 

— turns upon its Axis, p. 340, u. 4174, 
and fol. 

Earth, its Action to change the Figure of 
the Moon, p. 387, u. 4512 

— Length of its Equatorial Diameter, 
v. 365, n. 4319. 

Length of its Axis, p. 365. 1. 4319. 

— [Inclination of its Axis to the Plane of 
the Ecliptick, v. 301. . 3889. ; 

— twice diminiſhed and reſtored in a 
Year, v. 379, u. 4418. 

— Motion of, v. 314, . 4017. 

— Effects of its Motion, p. 314. 1. 4019. 

— Phyſical. Explanation. of it, . 378, 
n. 4440, and fol. 

— its Diameter meaſured, v. 284, 1. 


7. 
— — Diſtance from the Sun, p. 381, 1. 
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Earth, its Elevation at the Equator de- 
termined, p. 365, n. 4314, 5. 305, u. 


22. 

2 Figure of it, y. 364, u. 4309, and fol. 

— determined, . 398, 7. 4413, and fol. 

— On the Surface of it, the Degrees 
encreaſe the nearer you go to the Poles, 
p. 366, n. 4329. 

Motion of, v. 281, u. 3729, v. 282. u. 
3740, and fol. p. 333, u. 4136, and fol. 
— Effects of its Motion about its Axis, 

p. 300, n. 3876, and fol. 

— Phznomena of, according to the dif- 
ferent Situation of a Spectator on its 
Surface, v. 303, u. 3906, v. 307. 2. 3944. 
and fol. 

—— the Surface of it is unequal, I. 2. 
402, 2. 1683. 

Eaftern Part n. II. y. 304, ». 3915. 

Eaft, Point of, v. 304, u. 3918. 

Echo. See Sound. 

Eclipſe of the Moon. See Moor. 

of a Satellite, II, v. 294, 7. 3825. 

— Of the Sun. See Sun. 

Eclipſes, Line of, p. 288. . 3782. 

Ecliptick Plane of, v. 279, u. 3707. 

Poles of, v. 289, 1. 3790. 

wes Beginning of, p. 288, x. 3785. 

Efea of an Action againſt an Obſtacle, in 

what Ratio, I. 2. 169, z. 709. 

— great of a Machine, p. 110, 7. 491. 

——— Of Force, v. 166, n. 690, v. 168, u. 708. 

— When a Body ſtrikes againſt a ſoft 
Body, 2 195, u. 825. 

Effets o 
p. 193, #. 819. . 194, 7. 821. 

ſometimes are in a Ratio compounded 

of the Maſſes, and Squares of the Velo- 
cities, v. 193, n. 818, and fol. 

Eighth or Diapaſon, p. 55, u. 2362, 

Elaftick Force. See Force. 

Elaſtick, equal Bodies, when they are car- 
ried towards the ſame Part, continue their 
Motion with changed Velocities, I. p. 
262, 2. 1120. and fol. 

when they are .carried towards con- 

trary Parts, they go back with changed 

Velocities, I. v. 262, . 1120, p. 263, 

1. 1123, and fol. 

if one ſtrikes againſt another at reſt, 
and the Velocities be charged, what hap- 
ub p. 203, 2. 1125, and fol. of what 

arts they conſiſt, p. 314, n. 1278. 

—— ſtriking againſt a fixed Obſtacle, re- 
turn with the ſame Velocity, with which 
they came, v. 254, . 1086. 

— ina ſhip, if they run againſt one ano- 


Forces reduced to a Meaſure, 


ther, with what Velocities they return, 


v. 259, 1. 1107, and fol. are ſeparated 


after the Stroke, v. 217. u. 930. 

— if they run againſt one another di- 
rely, ſometimes they both return with 
the ſame Velocity, which they had before 
the Stroke, v. 257. u. 1100, and fol. 

——— If three concur, with what Action 
they are ſeparated, p. 288, . 1194, p. 
295. u. 1217, and fol. 

Elaſtict Bodies, their mutual Action illuſtra- 
ted, v. 267. u. 1137, & fol. 
—KkReſtoration of their Figure, what it 

produces, v. 266, u. 1134. 

— Velocities of, after the Stroke, by 
what Laws determined. See Laws. 

Elaſticity, I, p. 21, u. 96. 

of Air. See Air. 

——— Of a Chord is of the ſame Kind with 
Gravity, v. 316, . 1292. 

— of Fibres, whence produced, v. 314, 
n. 1279. 

— of Plates is examined, v. 324. u. 1322, 
and fol. 

Elaſticity imperfect, p. 25 4. n. 1084. 

— perfect, p. 253, . 1083. 

— communicates a greater Velocity, p. 
329. 1. 1350, p. 332, 2. 1363, and fol. 
3 Diverſity of it in Bodies of the 
ame Kind, upon what it depends, p. 323. 

#: 1 „% 

— * Laws of it how explored, p. 320. 
n. 1304, and fol. 

Electricity, II, p. 72, n. 2453. 

Electricity, the Action of it ceaſes in Vacuo, 

. 76, n. 2469, v. 76, n. 2474. 

ch Cauſe of it Sl Fire 3 a Relation 
one to the other, p. 72, x. 245 4, and fol. 

various Effects of it, p. 72, 1 2455, and 

fol. p. 74, n. 2463, and fol. 

— in Glaſs, the Cauſe of it, p. 76, u. 
2471, and fol. 

Ellinſis, ſometimes deſcribed by the central 
Force of a Body in Motion, I. p. 147. 

u. 626. p. 148, u. 633. v. 149. u. 637. 
P 154, u. 656, and fol. 
a moveable one may be deſcribed by 
a Body in Motion, p. 148, u. 630. and fol. 
p. 149, u. 635, and fol. v. 160, n. 668, 
and fol 


Ellipſe, Deſcription of it, p. 147, 1. 625. 

— angular Motion of it, p. 162, #. 674. 
and fol. | 

—— ſome Properties of it, II. . 367, . 
4339, and fol. 

Elongation of the Planets, II. p. 290, u. 3797. 

— greateſt, v. 290, u. 3798. 


Error, 


„ 1 * 2 


E 


Error of many who compare Machines to- 
gether, I, v. 115, 2. 516. 

Ewvaporation, what, II. p. 86, x. 2538, 

Evening. See Twilight. 

a Yd of the Planets, II. v. 279, 1. 
3698. 

Exhalation, what, II. p. 86, n. 2538. 

E xhalations, are ſet on Fire by the Sun's 
Rays, 7 89, u. 2562, | 

— and by the Mixture of various Exha- 
lations, p. 89, u. 2562, and fol. 

Exhalations ſet on Fire in the Air produce 
fhery Meteors, v. 89, #. 2566. 

—  inflammable conſiſt of the Food of 

Fire, 89, 1. 2560. | 

——— {ome contain Fire, p. 87, ». 2546. 

Extenſion to be firſt conſidered in Body, I. 
9. „ . 

Extended, every thing that is ſo, is not Body, 
I. . 3, #. 13. 

Extinction of Fire. See Fire. 

Eye artificial, II. p. 166, . 3015 

— changes, that Viſion may not be con- 
fuſed, v. 177, 1. 3089, and fol. 

yes of ſhort fighted People, the Fault of 
them here correQed, . 185, u. 3144. 

— Fault of old Men's, how corrected, 
P+ 185, 7. 3139. ; 

Eyes, why an Object ſeen with both Eyes 
— ſingle, p. 178, . 3102, and 
ol. 

— When an Object appears double, p. 179, 
a. 3105. 


F. 


Fibre, lengthening of. See Lengthening, 

Fibres, Elaſticity of. See Elaſticity. 

— depends upon their Tenſion, I. v. 314, 
n. 1280. | 

——— is deſtroyed if the Fibres be ſtretched 
with too much Force, p. 314. x. 1281. 

Fifth, or Diapente, II. p. 55. ». 2363. 

Figurable, Body is, I, v. 4, u. 20. 

Fire is attracted by Bodies, II. p, 63. . 
2399. 

„ found in all known Bodies, p. 63, 
u. 2399, v. 71, u. 2452, and fol. 

—— joins itſelf to Bodies, p. 63, 3. 2897. 

— penetrates into all Bodies, p. 63, u. 


2396. 


— but not with equal Eaſe, v. 63. 2. 


2400. v. 83, . 2516, v. 84. 2. 2520. 

—— — more eaſily penetrates into a hotter 
Body, p. 84, #. 2521, and fol. 

— 15 extinguiſhed, though the Food of 
it remains, y. 93, 7. 2552. 

— and when Air is abſent, v. 93. u. 2583, 
and fol. 

Fire, that it may not be extinguiſhed, there 


are required ſome particular Particles, p, 
93, u. 2586, and fol. | 

——— When encloſed every way, is ſoon ex- 
tinguiſhed, py. 94, u. 2589, and fol. 

—— why extinguiſhed by Water, p. 95, 1. 
2593, and fol. 

— in Bodies, is retained by circumam- 
bient Bodies, p. 64, u. 2401, p. 84. 2. 
2526, and fol. 

——— What Parts it ſeparates in Combuſtion, 
p. 87, u. 2547, and fol. 

—— entring into a Body, acts upon the 
Fire contained in the Body, p. 85, „. 
2531, and fol, 

— may have a very ſwift Motion, p. 64, 
u. 2402. 

— does not alter the Particles of Water 
to which it adheres, p. 86, 1. 2542. 

— always turns the Bodies into a Fluid, 
whoſe Parts it ſeparates, v. 86, u. 2537. 

— moved in different Lines, excites the 
greater Heat, v. 65, u. 2415. 

— how it acts upon Bodies calcined, to 
diſſolve them, p. 9o, u. 2567, and fol. 
— carries along with the Parts of Bodies 

ſeparated in Exhalations, v. 86, u. 2541. 

—— Where it is ſaid to be, v. 63. 2393. 

— contained in Glaſs is more eaſily 
moved in Vacuo, p. 74, 1. 2463, v. 70, 
1. 2473. 

— does not want Air to make it appear, 
p. 709, u. 2486, and fol, 

Fire, by the Action of it, Bodies are dilated, 
v. 64, n. 2403. p. 67, u. 2426, and fol. 
— and make an Elaſtick Fluid, p. 64. 

n. 2404. 

— the more ſubtile Parts of Bodies, pene 
trate into Bodies, v. 64, u. 2407. p. 99, 
n. 2569. 

— the Particles of Bodies acquire ar 
Elaſtick Force, y. 69, u. 2440, and fol. 
— A repellent Force, p. 68, n. 2436. 
— the Weight of Bodies is ſenſibly en- 

creaſed, p. go, n. 2570. 

— Extinction of it, v. 93, 3. 2581. 

— the Motion of it triple, p. 82, 1. 25 co, 
and fol. 

Fire, continues in Motion, till the Degrees 
of Heat are equal, v. 82, 2. 2505. 

— if it moves more difficultly towards 
ſome Parts, its Motion is encreaſed to- 


wards others, p. 85, 7. 25 30. 
the intimate Nature of it is unknown, 


p. 63, u. 2392. 
— Food of it | 
—— Weight of it not ſenſible, . 64, 7. 
2408, p. 99, 2571, and fol. 
Tokens of its Preſence, v. 63 7.24393. 
v. 65, u. 2419, and fol. p, 67, u. 242 5. 
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Fire conſumes Bodies in Vacuo, but without 
Flame, v. 91, u. 25 76, and fol. 
Fiſh, ſome cannot live without Air, II. », 


33, u. 2236. 
Flame, how cauſed, II, p. 87, 3. 2553. 


why pyramidal in the Air, p.88, u. 2 5 5. 
———- would be cylindrical, if the lateral Diſ- 
ſipation were ſet aſide, v. 88, z. 2556, and 
fol. 


Flamſtead obſerved, that Saturn diſturbs the 


Motion of Jupiter's Satellites, II. p. 321, 
2. 4063. | 

Flints tranſparent divide an homogeneous 
Ray into two in Refraction, II. p. 248, 
3518, and fol, | 

Fluidity all depends upon Heat, II. p, 68, #. 
2438, 

— Wwhence it ariſes, I, y. 340, u. 1409. 

Fluid Body, I. p. 15, u. 68. 

—— aſcends towards the Bodies, which at- 
tract it, p. 20, 1. 91. 

— is hollowed, when repelled, ibid. 


—— acquires the Weight which an immerſ- 


ed Solid loſes, v. 359, #. 1503, and fol. 

— contains ſometimes at the Bottom a 
Body lighter than itſelf, y. 363, u. 1518, 
and fol. 
— elaſtick is produced by a cold Effer- 
veſcence, II. p. 70, n. 2448, and fol. 
Fluid elaſtick, how and what Sort of one 1s 
ſeparated from Water, IT, y. 11, n. 2129, 
and fol. p. 24, *. 2194, and fol. | 
— is more heavily preſſed, by a lighter 
floating on the Top of it, I, p. 343, 7. 
1426, and fol. 

— in a Tube, by what Action removed 

or retarded, p. 418, 3. 1785, and fol. 

— aſcends to the ſame Height in any 
communicating Tubes whatſoever, p. 342, 
2. 1422, and fol. 

=———— deſcends faſter out of a Veſſel, that has 
a Tube joined to it, y. 394, . 165 2. and fol. 

— moved through a Tube, What lateral 
Preſſure it exerts upon it, v. 418. x. 1781, 
and fol. p. 422, . 1807. and fol. 

— in what Time it goes or comes in a 
Cylindrick curve Tube, p. 411. z. 1749. 
and fol. 


— is moved with the ſame Celerity, at 


what Part ſoever the Preſſure is taken 


away, y. 376, . 1574. 

— preſſes according to the Ratio of the 
Height, and not the Quantity, p. 347, 2. 
1441, and fol. p. 350, x. 1453. 

— preſſes upwards and downwards with 
the ſame force, p. 349, . 1448, and fol, 

#' 35% #. 1457. 


— laterally as well as vertically, p, 348, 


*. 1445, 5. 349, . 1447. 

— by preſſure acquires velocity, y. 376. 
1. 1575, and fol. 

— preſſed by a ſuper-incumbent Fluid, 
with what Velocity it ſpouts out of a 
Hole, p. 378, 3. 1583, p. 378. . 1584, 
and fol. 

— the leſs it is compreſſed, the leſs Action 
of Fire cauſes it to boil, II, p. 85, . 2534. 
and fol. 

— ſpouting may be conſidered as ſeveral 
Solids following one another, I. p. 383, 
1. 1612, | 

— Tiſes higher, when its Direction is a 
little inclined to the Horizon, p. 381, 
n. 1594. and fol. p. 383, 2.1612. 

— What to be obſerved, to make it ſpout 
higher, v. 381, #. 1594, and fol. v. 381. 
n. 1599, and fol. p. 382, u. 1606, and fol. 

— can only ſpout to a certain Height, 
5. 383, n. 1611, and fol. 

Fluid, when it ſpouts to the greateſt diſtance 
of all, p. 388. z. 1621, and fol. 

— with what Velocities it goes out of 
different Holes, p. 379, #. 1586. and fol. 

—  {ometimes it ſuſtains a Body ſpecih- 
cally heavier than the Fluid, p. 360, . 
1506, and fol, 

— ſpouting vertically, how high it riſes, 
v. 380, u. 1588, and fol. 

moves very faſt, whilſt it deſcends ver- 
tically, p. 394. #. 1651. and fol. 

Fluid, the Action of it is Preſſure, p. 437. 
n. 1893. | 

— its Action upon a Body lighter than 
itſelf, which is retained, is the ſame as 
upona Body heavier than the Fluid, p. 361, 
n. 1512, and fol. 

upon the Bottom and Sides of a Veſlel 
containing it, encreaſes with the Height 
of the Fluid, y. 344, u. 1430, p. 347» 


27. 1441, and fol. p. 350. 3. 1453, and fol. 
— the Action of a Fluid moved againſt 


an Obſtacle at reſt, of what Kind, v. 414, 
n. 1760, and fol. f 
— and againſt an Obſtacle moved with 

the Fluid, of what Kind, y. 417. 3. 1777- 

— When greateſt, p. 417, u. 1778, and fol. 

— the Impetus of a Fluid in Motion 15 
its Preſſure, v. 414, 2. 1759. 

— a Quantity of one flowing cannot be 
determined from the Velocity being 
known, p. 389, u. 1631. 

— Quantity of a Fluid flowing out of 
Veſſels, of what Kind, v. 388, u. 1625 
and fol. 


Fluid, 
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Fluid à greater Quantity will run out, if the 
lower Aperture of the Tube, through 
which it paſſes, be encreaſed, p. 396. =. 
1658, and fol. 

— the Quantities going out of equal 
Holes, in what Ratio, p. 390, #. 1635. 
Quantities running out of different 
Holes, in what Ratio, p. 391, 2. 1638, 

and fol, 

— the Particles of a Fluid running out, 
acquire their whole Velocity, in a very 
ſhort Time, p. 377, . 1579, and fol, 

— the firſt Particles that go out don't 
move flower than the following ones, p. 
376, u. 1576, and fol. 

Fluid, the lower Particles of one, how preſ- 
ſed by thoſe above them, p. 341, ». 1414, 
and fol. 

— Retardation of one in a Tube, in the 
Ingreſs and Egreſs, of what Sort, p. 422, 
2, 1806. 

Surface of, why flat, p. 341, u. 1413. 

Fluids are dilated by Heat, II, p. 67, 2. 
2428, and fol. 

— Conſiſt of Particles of the ſame Nature 


with thoſe of other Bodies, I, p. 340, 2. 


1410. 

— in what they agree with ſolid Bodies, 
p. 3400, u. 1411. 

——— {ome are not reduced into a leſs Space 
by Compreſſion, II, p. 1, 2. 2074. 

— are elaſtick, p. I, 2. 2075, p. 10, u. 
2118, and fol. 

— ge laſtick, various, how produced, p. 10, 
n. 2119, and fol. p. 34, 2. 2239. 

Fluids, their Denſities. See Denſity. 

—— EClaſtick, their Particles don't touch 
one another, p. 12, 1. 2135. 

—— in Motion, their lateral Action exa- 
mined, I, p. 418, x. 1780, and fol. 

— their Impetus examined, p. 414, 7. 
1758, and fol. | 

— all their Particles are at reſt, p. 342, 
1, 1421. 

Focus of Rays, II, p. 144, . 2875. 

—— When at a leſs Diſtance, p. 144, 2. 


2877. 
imaginary, p. 144, #. 2876. 


Foot Royal of France, its Proportion to the 


Rhinland, I. p. 398, 2. 1664. 

Foot cylindrick of Water, Weight of it, p. 
449, . 1944- Fits! 

— Cubic, of Water, its Weight, p. 369. 
2. 1551, P. 449, 1. 1944. 

Force, I, p. 167, n. 694. 

—— accelerating that acts upon the Parti- 
cles of Air, II, p. 60. u. 2385, and fol. 

— loſt of a Body moved in a Fluid, from 


the Reſiſtance from the firſt Cauſe, pro- 
portional to the Space run through, I, 5. 
453, 1. 1960. | 

—— how determined from the EffeQs, p. 
231, u. 1002. 

9 in the Concourſe of three Bo 

les, p. 285, n. 1183, P. 293, 2. 1213. 

— in the ſired — 2 of ſeveral Bo- 
dies joined, p. 243, 1056. 

— acquired in falling, p. 178, 1. 754. 

— cCentrifugal. See Centrifugal. 

— Centripetal. See Centripetal. 

— deſtroyed, its Ratio to the Change of 
Force in Collifion, p. 237, u. 1024. 

— in Collifion, with a given Velocity, 
determined, p. 245, u. 1092. 

in a Stroke in the Colliſion of three 
Bodies, p. 284, 1. 1179. 

— how determined, p. 228, u. 985, and 
fol. p. 234. 1. 1009, p. 245, #. 1063. 
— js the ſame, if the reſpective Velocity 

is the ſame, p. 222, . 956, and fol. 

— differs from Preſſure, p. 169, u. 714. 
and fol. | 

—— Elaſtick ſometimes is communicated 
by the Action of Fire, II. p. 69, u. 2440, 
and fol. 

and from other Cauſes, p. 70, x. 2448. 

— generated by Preſſure, I. p. 167, z. 696, 
and fol. | 

— and Inertia differ relatively, p. 166, 
n. 691. 
in the Colliſion of Bodies, what deſtroyed. 
See Colli ſion. 

— in the Colliſion of three Bodies, two 
of which are carried one Way, and the 
third the other Way, of what Kind, p. 
284, u. 1181, and fol, p. 293, 2.1212. 

Force bending, p. 316, . 12868. 

— What Ratio it bears to the ſtretching 
Force, p. 316, ». 1287. 


— innate, 5. 4, 1. 18, 5. 78, u. 356. 


tis not altered unleſs by an extraneous 
Action, p. 78, n. 356. 

a leſs ſometimes prevails before a 
greater, p. 227, #. 980, and fol. 

—— does not always follow the Proportion 

of the Square of the Velocity, Y. 274. u. 
1158. 

— Re loſt in the Collifion of elaſtick Bo- 
dies, v. 254, u. 1084, and fol. 

— never immediately deſtroys Force, p. 
218, u. 937, and fol. | 

— may be diminiſhed by Preſſure, p. 168, 
un. 708. 

— Whereby a certain Celerity is commu- 
nicated in compound Motion, how de- 
7 p. 273, 4, 1156, and fol. 
ff 


Force 


Forer, which detains a Body in a Circle, p. 
152, #. 649, and fol, 23 7 
— refraQting is ſenfibly as the Denſity, II. 

p. 136, . 2831. * 
— repellent is communicated to Particles 
by the Action of Fire, p. 68, *. 2436. 
— reſolved, cannot be again ſo reſolved, 
that each of them will be proportional to 
the Squares of the Velocities, I, p. 274, 
#. 1159. | 5 
— exceeds Preſſure, p. 168, u. 701. 
— is equal to the Action of the Preſſure, 
which communicated it, p. 167, 3. 700. 
Force, the infinitely ſmall Change of it. in 
what Ratio, p. 240, 1. 1039, and fol. 
Force innate, Body acts by it. See Body. 
Forces abſolute when communicated by the 
moving Cauſe, which itſelf alſo is moved, 
what happens, p. 268, . 1139. — 
— acquired in falling, when equal, p. 187, 
n. 790, p. 198, u. 834. 
. See Central. 
— Of Bodies themſelves on Light, how 
diſcovered, II. p. 141, 7. 2859, and fol. 
Forces impreſſed by a bent Spring, of what 
Kind, I. p. 254, u. 1087, and fol. p. 257. 
22, 1096, and fol. 
— innate of Bodies in Motion, of what 
Kind, p. 177, 1. 757, f. 18a, 2. 778, and 


fol. 
whole bending Plates, are in a dupli- 
cate Ratio of the Bendings, p. 327, u. 1341. 
— if loſt, what is the Effect, p. 193, 2. 
818, and fol. 
are proportional to the Effects, p. 169. 
n. 709, and fol. p. 199, . 836, and fol. 
oblique demonſtrated, P. 50. 2. 252. 
— of Pendulams. See Pendulums. 
— which equally lengthen Fibres equally 
long, are not as the Quantities of Matter 
in the Fibres, p. 323, u. 1320. 
which are conſumed in making equal 
Cavities, are equal, p. 196, 1. 826, and fol. 
whereby Parts of the Segments of 
Spheres are preſſed inwards, of what Sort 
p. 336, u. 1391. 
—— Whereby Bodies are ſtruck, of what 
Sort, p. 336, . 1392. 
— all the Particles act upon Light, how 
compared, p. 140, u. 2853. 
— are equal if the Squares of Velocities 
are inverſly as the Maſſes, p. 179, n. 758. 
p. 184, u. 785, and fol. p. 200, u. 838. 
— are ſometimes as the Maſſes, p. 177. 


3 
— ſometimes as the Squares of the Ve- 


locities, p. 178, 1. 753, P. 450. 2. 1948. 
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— ſometimes as the Velocities, p. 187, 
u. 791. | | 

Forces, their SIGH. 193, 4. $17, and fol. 

— Compariſon of them, p. 177, 1. 747, 

and fol. | 

——— Decrements in Colliſion, of what 

Kind, p. 224, *. 965. 

— Dettruction of, p. 193, u. 817, and fol. 

— Effects of, brought to a Meaſure. See 
Effect:. | 

— muſt be unequal, that unequal Bodies 
concurring may be at Reſt, p. 225, u. 968, 
and fol. | 

—— innate of elaſtick Bodies, their Sum 
after the Stroke is equal to the Sum of the 
Forces before the Colliſion, p. 25 4, n. 1085 
P. 266, u. 1135, and fol. 

—— Meaſure of, how diſcovered, p. 273, 
n. 1152, 

— Changes of in Colliſion, happening in 
certain Times examined, p. 239, u. 1037, 
and fol. 

during the Colliſion demonſtrated geo- 

metrically, p. 236, . 1016, and fol, p. 

266, 1. 1134. 

in an Inſtant are to one another as the 
Velocities of the Bodies, p. 237, u. 1023. 

the Nature, Generation, and Deftru- 
tion of them, p. 166, . 688, and fol. 

—— whereby the Particles of Bodies act 
upon Light, their Proportions how de- 
termined, IT, p. 137, u. 2837, p. 142, u. 
2862, and fol. 

—— the Sum of, before and after the Stroke 
of what Sort, whether elaſtick Bodies car- 
ried in different Directions, run directly 
againſt a third at the ſame Time, I, p. 
291, 1. 1203, p. 298, ». 1221. 

in the Colliſion of three Bodies, which 
are at reſt after the Stroke, p. 284, u. 1180. 

— diminiſhed, if a Body runs againſt 
another, p. 217, u. 932. 

— of what Kind, if two Bodies are at 
reſt after the Stroke, p. 223, u. g60, and 
fol. p. 234, u. 1009, 

—— when in Percuſſion ſeveral Bodies joined 
are at reſt after the Stroke, p. 244, *. 
1057, and fol, 

Fountain Hero's, p. 40, 2. 2268, and fol. 

Fourth, or Diateſſeron, II, p. 55, 2, 2304. 

Fiction to be overcome by the Power in 2 
Machine, I, p. 58, 3. 284. 

in Screws, p. 58. =. 285. 

— retarding a ſpouting Fluid, how to be 
diminiſhed, p. 381, 1. 1596, and fol. 

Full Moon, II, p. 296, u. 3839. 

Fuſion, what, p. 86, u. 25 38. 


G. 
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G. 


Generating Circle. See Circle, 

Glaſs attracts Water, I, p. 22, u. 99, and fol. 

— rubbed, why it emits Fire, II, p. 76, 
n. 2472. 

burning, p. 170, u. 3051, and fol. 

Glaſs, the Surface of it ſurrounded with a 
certain Atmoſphere, p. 76. x. 2471. 

Glaſſes, of Uſe in Viſion. See Viſion. 

Glaſſes, the Conſideration of their Surfaces 
affords fix Claſſes, p. 164, 1. 2968, and fol. 

Globe of Glaſs, put in Water goes toward 
the Sides of the Veſſel, I, p. 21, #. 92. 

goes towards the Middle, if the Veſ- 
ſel be over - filled, p. 21, . 93. 

Globes of Iron, laid upon Mercury, approach 
one another, p. 21, u. 95 

— of Glaſs, laid on Water, come to- 
wards one another, p. 21, 7. 92. 

Gold, its Denſity. See Der/ty. 

— Ducdility, I, p. 8, 3. 41, and fol. 5. 
13, 7. 63. 

— ſpecifick Gravity compared with that 
of Water, p. 369, u. 1509. 

— Bulk compared with that of Silver, . 
13. 2. 63. 

— Gravity, I, 2. 31, 2. 148, II, p. 320. 
7. 4051. | 

— acts upon Bodies in Motion, as in thoſe 
at reſt, I, p. 82, u. 371. 

— does not communicate equal Degrees 
of Force to a Body, p. 178, z. 755. 

—— deſtroys Motion in an aſcending Body, 
P. 83, u. 377. | 

— is univerſal, II, p. 319, 2. 4047. 

— in a Fluid, why not ſenſible, I, p. 340, 
u. 1411. 

— Of Particles is preſerved in a Fluid, p. 
340, . 1411. | 

=— ON a Sphere, II, p. 325, » 4082, p. 
327, u. 4100, and fol. Wh 

— not every where the ſame, p. 366, u. 
1. 4333, and fol. 

— decreaſes, as you recede from the Cen- 

ter of the Earth, 5. 322, n. 4075. 

———— diminiſhed under the Æquator, p. 364, 
1. 4310. 

— as you recede from the Pole, p. 336, 
1. 4149. 3 

— mutual of Bodies is not ſenſible near 
the Earth, p. 21, u. 4068. 

— under the * p. 324, 1. 4080, 
p. 367, n. 4330. 

— under the Pole, p. 324, 2. 48% p. 
366, u. 4333, and 4335, and fol. 


- =—— does not follow from any thing known 


to us, p. 327, u. 4099. 


— proved, 5. 320, u. 4054, and fol. 

— in various Caſes, p. 325, . 4083. 

— xreſpective, I, p. 357, 1. 1491, and fol. 

— ſpeciſick of a Body, p. 352, 1. 1462. 

Gravity, the Action of it upon all Bodies 
the ſame, p. 32, u. 155. | 

— Center of, See Center. 

— Determination of in different Places, 
IT, p. 377, #. 4432, and fol. 

— Laws of its Diminution, p. 372, . 
4393, and fol. 
— Diverſity of, meaſured by Pendulums, 
I, p. 94, 2. 431, and fol. | 
— Laws of it, II, p. 319, „. 4048, and 
fol. p. 321. 1. 4066, and fol. 

— common Center of Gravity of the 
Moon and Earth, p. 387, u. 4510. 

Gravity, Phænomena of it, I, p. 31, 1. 147, 
and 149, P. 32, . 152. 

Grawvitizs, on the Surfaces of the Planets, 
II, p. 339, #. 4166. 

—— of the Earth and Moon, 5. 387, #, 
4509. Es 

—— - Specifick and Denſities, in homoge- 
neous Bodies, I, p. 353, u. 1463. 

Gregory, his Teleicopes, See Teleſcopes Ca- 


toptric, 
| H. 


Halley, defends the Opinion of Romer, II, 
p. 101, u. 2031. 

Hardneſs, I, p. 15, u. 70. 

Heat in a hot Body, what, II, p. 64, n. 2409, 
with Reſpect to us, p. 65, u. 2410. 

—— conceived ſooner by tome Bodies than 
others, p. 274, 1. 3064. 

is equably diſperſed thro' the whole 

Maſs of a Body, p. 82, u. 2509. 

and Bodies near one another, p. $2, 
z. 2510, and fol. 

——- intimatcly joined with Light in the 

Sun's Rays, p. 66, 1. 2421. | 

— not diſcovered in the Moon's Light, 
p. 66, u. 2423, 

— and Light, uncertain whether they are 
ever ſeparated, p. 65, „. 2416, and fol. 
— tO be attributed to the ſame Cauſe, 
$. 0%, . £396." - : : 
— ſonger preſerved by Bodies, which 

grow hot more difficultly, p. 84, 2. 2524. 
—— preſerved longeſt by the central Parts 
of Bodies, p. 84, 2. 2525. 
retained by Air in Water, p. 84, x. 
2527, and fol. 
— does not follow the Proportion of the 
Quantity ofthe Fire, p. 83, 3. 25 17, and fol. 
— When it changes a Solid into a Fluid, 


. 68, u. 2435, and fol. 
IT 2 we Heet, 
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Heat, Cauſes of it in the Atmoſphere, p. 
313, . 4003, and fol. 

— Diminution of it, on what it depends, 
p. 96, n. 2604, and fol. 

—— greateſt Degree of it that a Fluid can 
acquire, upon what it depends, p. 86, u. 
2536. 

Heat % communicated by a hot Body to one 
leſs hot, p. 82. u. 2504. 

— dilates Bodies, p. 64, u. 2403, p. 66, 
n. 2426, and fol. 

Hot Bodies, many ſhine, if their Heat be 
encreaſed, II, p. 65, u. 2420. 

Heawens, II, p. 286, n. 3766, and fol. 

— blue Colour of, whence, p. 286, 2. 
3768. 

Heavenly Bodies, why they appear to be ap- 
plied to the imaginary Sphere of the Hea- 

- vens, II, p. 286, 1. 3771, and fol. 

Heavy Bodies don't always tends towards the 
Center of the Earth, II, y. 366, ». 4325. 

Height from which a Body falling acquires 
a Velocity, with which, if it be moved in 
a Fluid, the Reſiſtance from the ſecond 
Cauſe, will be equal to the Weight of it, 
how diſcovered, I, p. 448. u. 1490, and fol. 

— of the Pole, II, p. 307, u. 3947. 

is equal to the Latitude, . 307, 3. 3947. 

— by what Line determined, p. 366, 
u. 4326. | 

of the Stars, p. 305, 7. 3921. 

Height to which a Body muſt be raiſed, that 
it may raiſe greater Weights, by ſtriking 
againſt the Scale of a Balance, I, p. 248, 
n. 1073, and fol. 

Helioftate, by which the Sun's Rays are fixt, 
II, p. 107, . 2660, and fol. * 

He. 's Fountain. See Fountain, 

Heterogeneous Body. See Body. 

Holes through which Water ſpouts, what 
Sort they ought to be, I, y. 381, #. 1596, 
and fol. p. 382, ». 1606, and fol. 

Homogeneous Body. See Boay. 

Hook demonſtrated that the Denſity of Cop- 
per was encreaſed by the Mixture of Fire, 
I, P. 375, 2. 1573. 

Horizon, II, y. 303, n. 3907. 

—— oblique, p. 307, =. 3946. 

—— parallel, y. 307, u. 3945. 

— right, v. 308, . 3960. 

- Hugens determined the Aperture and 

„Ve. glaſs of a Teleſcope, II, p. 198, u. 
3228, p. 231, . 3423. 

Humor aqueous, II, v. 174, #. 3067. 

— cryſtalline, p. 174, . 3065. 

— VIreous, v. 174, 1. 3067. 

Humor cryſtalline, Poſition and Figure of it 
changes, v. 177, u. 3094, and fol. 

Hydraulic Machine, when it produces the 


greateſt Effect, I, 2. 429, 1. 1858, and fol. 

Hydraulic Machines that drive out Water by 
Fits are imperfect, v. 427, u. 1836, and fol. 

— ſome worked by Air, p. 428, x. 1844, 
and fol. 

— ſome by Animals and Men, p. 429. 
n. 1853, and fol. 

—— ſome by Water v. 428, u. 1847, and fol. 

ſome by Fire, p. 427, u. 1843. 

Hydraulic Machines for raiſing Water, their 
Scope, v. 423, 2. 1811. | 

Hydraulic Machines what Actions applied to 
them, v. 427, u. 1842. 

Hydroftatical Compariſon of Solids, 
Solids, 1 


Inpenetrability See Solidity. 

Impetus of a Fluid. See Fluid. 

Impreſſion, what required to change Motion, 
the Direction remaining, I, p. 271,7.1147. 

Inch cylindrick of Water, the Weight of it, 
I, pv. 449, u. 1944. 

| Is * of. See Angle. 

Inconveniences happening in the Examination 
of the Sun's Rays, II, y. 107, x. 2654. 

Index of the Axis in Peritrochio, I, p. 112, 
n. 499, v. 11 7: n. 526, and fol. 

— of a Machine, v. 112, 2. 499. 

— of the Pulley, . 112, 2. 502, v. 118, 
n. 529, and fol. 

— of the Lever, v. 117, 3. 522, and fol. 

Indices of Machines, how diſcovered, v. 116, 
n. 521, and fol. 

Inertia of a Body, I, p. 4, u. 19. 

— and Force differ relatively, v. 166, 2. 
691. 

Inertia, Body reſiſts by its. See Boah. 

Infinite, I, p. 8, u. 45. | 

Infinite is contained in a Finite, I, v. 8, u. 45. 

—— We have no Idea of one, p. 9, 2. 46. 

Infinites, all are not equal, y. 11, 1. 53. 

— Claſſes of them, p. 11, =. 54, and fol. 

— diſtant from one another by an infinite 
Series of intermediate Claſſes, p. 13, u. 60, 
and fol. 

In flection of Light. See Light. 9 
Inflections of elaſtick Bodies in what Times 
performed, I, v. 337, . 1397, and fol. 
Intenſity of an Action required, that an Hy- 
draulic Machine may produce its great 

Effect, I, p. 429, 3. 1856, and fol. 5. 
429, 1. 1875, and fol. 

— of a Power. See Power. 

— of Sound. See Sound. 

Introceſſion of the external Plate of an ela- 
ſick Body that is ſtruck, of what Kind, 


I, p. 333, . 1373. 


See 


Introceſſion 
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S$:troceſfion of Parts is the ſame, if the Velo- 
city is the ſame, y. 221, x. 949, and fol. 

Introceſſions of Parts in elaſtick Spheres, of 
what Kind, v. 334, u. 1375, and fol. 

— are equal in the Concourſe of three 
ſoft Bodies, tho' the Actions are unequal, 
p. 286, 3. 1190, and fol. 

Tnundation, how it happens I, v. 407, 1. 7122. 

{and how produced in a River, I, v. 406. 
n. 1719, and fol. 

Judgment of Diſtances, See Viſion. 

— of Magnitude, See Viſion. 

Ivory, Ball of, the Spot it makes by falling 
on Marble, I, py. 265, ». 1132, 

Jupiter, II, p. 282, n. 3731. 

— appears always round, v. 294, 2. 3820. 

— gravitates towards Saturn, v. 321, 2. 
4062, p. 343, u. 4190. | 

— His Action upon Mars, p, 345, 1. 
4197, and fol. 

— Effect of his Action upon the Sun, p. 
343, u. 4192. 

— Axis of him ſhorter than the Diame- 
ter, p. 365, 1. 4313. 

w—— Motion and Diſtance of his Satellites, 
p. 283, u. 3741. JT, 
— Diſtance and Periodical time of the 

fourth Satellite, p. 338, z. 4159. 


L. 


Lanis 2 ) his Experiment concerning fall - 
ing Bodies, I. 2 247. #. 1071. 

Lantern-magick, II, v. 231, . 3424, and fol. 

—— Deſcription of it, . 231, 3. 3425, 
and fol. | 

—— PerfeQtion of it, v. 233, 1. 3435, and fol. 

— Uſe of it, p. 233, u. 3434, 5. 2935. 
1. 3440, and fol. 

Latitude of a heavenly Body, II, p. 289. 2. 
3789. 

— of a Place, p. 306, 1. 3937. 

— Of a Wave. See Wave. 

— Circles of, p. 306, . 3938. 

Laws of Elaſticity. See Elaſficity. 

=—— according to which a Pendulum moves, 
that vibrates in a Cycloid, I, v. 326. 2. 
1335. | 

— 57 Nature, v. 3, #. 9, and fol. 

— What in themſelves, p. 2, u. 6. 

— and with Reſpect to us, p. 2, . 7. 

— - Whence they ariſe, v. 2, u. 

—— how inveſtigated, 76:d. 

— for explaining what relates to Motion, 


p. 78, u. 355, P. 78, u. 357, p. 80, n. 


361, II, p. 319, 2. 4047. 
— Lengthening of a Fibre, how diſco- 


vered, I, v. 320, u. 1307, 


I 


— — 


— follows the Proportion of the length- 
thening Force, p. 321, z. 1308, and fol. 

— of a Plate is in the Ratio of the Force 
that lengthens it, v. 324, #. 1323, and fol. 

Lengthenings in Chords of different Length, 
from the adding of equal Weights, of 
what Kind, p. 323, . 1318. 

— of Fibres of the ſame Kind, of what 
Sort, v. 323, #. 1319. 

Lenſe, well centered, II, p. 165, u. 3004, 

— Object, v. 191, 3. 3185. 

— Eye, ibid. 

— of Glaſs, p. 164, 1. 3000. 

— Axis of it. See Axis. 

— if the Eye or Object be applied to 
it, the Picture is the ſame, . 186, x, 3147, 
and fol. 

— Affections of concave ones, p. 165, x. 
3008, v. 166, x. 3019, and fol. 

— AfﬀeCtions of convex ones, v. 165, 1. 
3007, and fol. 

— Afﬀections of polyhedrous ones, v. 187, 

1. 31 ap 

Lever, I, v. 45, u. 232, and fol. 

— for raiſing Weights, p. 47, u. 240. 

— compound, v. 61, 2. 293. 

— Oblique, v. 46, u. 238, and fol. 

— of the firſt Kind, py. 45, u. 234, 

— Of the ſecond Kind, 57 

— of the third Kind, p. 45, 1. 234. 

=— Index of it. See Index. 

— moſt perfect Uſe of it, py. 61, 1. 49;, 
and fol. 

—— the whole Actions of different Kinds of 
Levers, how compared, v. 114, 2. 510. 

Ligaments ciliary, II, p. 174, u. 3066. 

Light and Heat, whether ever ſeparated un- 
certain, II, p. 65, . 2416, and fol. 

— do be attributed to the ſame Cauſe, . 
63, u. 2395. | 

— differently affected by the Particles of 
different Bodies, p. 137, u. 2833. 


— emitted from Bodies in right Lines, . 


65, n. 2411, ibid. n. 2414. 

—— Why intercepted by Bodies, . 237. u. 
3447, and fol. p. 239, u. 3460. 

— reflected where it can paſs freely, p. 
201, 7: 3246, and fol. 

— may be refracted, though the Med 
ums don't differ in Denſity, p. 137, u. 

2842, and fol. FIVE 

—— - {ometimes not refracted, thoc h the 
Mediums differ in Denſity, v. 138, 2.2344. 
and fol. 

mn Often refrated towards the perpendi- 
cular, when it enters a rarer Medium, . 
138, u. 2847, and fol, 


Light, 
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Light with reſpe& to Bodies, what, p. 65, 
n. 2421. 

— bar” with reſpe& to us, what, v. 65, u. 
2412. 

3 of the Sun reflected by the Moon, 
how much it is weakened, v. C6, u. 2424. 

—— of the Sun, in what Time it comes to 
us from the Sun, v. 103, 2. 2638, p. 106, 
1. 2655. TRA 

— pſſing through a Hole keeps its Di- 
rection, v. 98, 1. 2610. 

paſſing through various Mediums ter- 
minated by parallel Plans, what Direc- 
tions it hath, p. 140, u. 2855. 

——— paſſes through ſeveral opaque Bodies, 
v. 236, n. 3445, and fol. 

— the Motion of it is equable, whilſt it 
comes to the Atmoſphere, v. 106, 1. 2656. 

——- the Motion of it through a more re- 
fracting Medium, v. 164, u. 2998, and fol. 

— the Acceleration of its Motion from 
Attraction, p. 133, n. 2818, and fol. 

— Propagation of it not made by Preſſure, 
v. 98, u. 2618, and fol. 

— Propagation of it is inſtantaneous, - p. 
99, u. 2620, and fol. 

—— Ray of, p. 98, . 2611. 

——  - ſometimes recedes from the perpendi- 
cular, p. 129, u. 2788, v. 13e, 2. 2799. 
— moves in the ſame Lines, from what 
Part ſoever it proceeds, py. 129, u. 2789, 

v. 130, n. 2799. 

— falling perpendicularly upon a Me- 
dium, is not turned out of its right way, 
v. 129, u. 2793, and fol. 

Direction of a Ray paſſing through a 
Medium, ſometimes is not altered, v. 129, 
1. 2792, p. 130, #. 2799. 

— Rays are attracted by Bodies, v. 116, 

u. 2722, p. 118, 3. 2734, and fol. p. 127, 
n. 2780. 

— Rays are repelled by Bodies, p. 116, 
2. 2726, v. 119, 1. 2740, and el. 

— Inflection of the Rays, whence ari- 
ling, v. 116. 1. 2723, and fol, 

— Reflection of the Rays of Light. See 
Reflection. 

—— their Refraction. See Ræfraction. 

— the Velocity of Light determined from 
Obſervations made on Jupiter's Satellites, 
p. 99, u. 2622, and fol. 

— and from Obſervations made on the 
fixed Stars, y. 103, n. 2639, and fol. 
— Velocities of, in Air and Water, 2. 

132, u. 2811, v. 142, 2. 2863. 

—— the Velocities of, in o given Me- 
diums, bear a conſtant Ratio to one ano- 
ther, y. 131, . 2808. 


— — 


— the Way of it through the Air, how 
it becomes ſenſible, y. 131, 3. 2801. 

Lightning, Cauſe of, II, y. 89, u. 2566. 

Line of ſwiſteſt Deſcent, I, . 97, u. 453. 
v. 109, #. 487, p. 109, u. 489. 

——— how determined, p.107, #. 483, and fol. 

Line of Cavity, v. 208, . 871. 

of Figure, ibid. u. $70. 

— of Time, v. 209, . 875. 

— of Velocity, v. 208, 3. 874. 

Lines Cauſtick. See Cauftich. 

Liguid coloured ſometimes appears of a dif- 
ferent Colour, II, p. 276, . 3631. 

Loadſtone attracts Iron, and is equally attract- 
ed by it, I, . 81, u. 366. 

Logarithmick Line, Formation of it, I, p. 
460, . 1992. 

Properties of it, p. 460, u. 1993. 

Logarithm of the Ordinate, I, y. 460, u. 1994. 

—— of the Ratio, 7bid.-. 1995. 

Longitude of a heavenly Body, IT, p. 289, 
1. 3788. | 

of a Place, y. 307, #. 3941. 

Lucid Body, its Surface, II, p. 98, u. 2613. 

Lucid Bodies, v. 65, n. 2411. 

Lunation II, p. 295, n. 3834. 


M 


Machine,whereby theAſcent of Bodies is com- 
pared with their Deſcent, I, v. 86, u. 395. 

— for comparing together the Dilatations 
of Air and the compreſſing Forces, II, 
p. 5, u. 2102, and fol. 

— by which Experiments are made in 
compreſſed Air, p, 28, u. 2216, and fol. 
— for making Experiments on the at- 
traction and Repulſion of Light, p. 117, 

#. 2728, and fol. BN 

— for making Experiments on oblique 
and compound Colliſion, p..277, u. 1168. 

— for comparing the Velocities of falling 
Bodies, I. p. 88, u. 402. 

— of Uſe to demonſtrate the Affections 
of the Wedge, v. 56, 1. 279. 

— another of this Kind examined, v. 60. 
n. 289. 

— 72 comparing tho Denſities of ſolid 
Bodies, p. 372, #. 1559, and fol. 

—— for comparing the Deſcent in a Cy- 
cloid with the Deſcent in a right Line, p. 
97, #. 454. : 

A Machine whereby a Spring bent betwixt 
ſuſpended Bodies is let looſe, p. 255, . 
1099, and fol. 


| —— for exploring the Laws of Elafticity, 


p. 318, 2.1297, and fol. : 
—— for comparing the Denſities of Fluids, 
. 368, u. 1546, and fol. p. 370, 1. 1554- 
Aud fol. * * Machine, 
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in Motion, p. 419, . 1787, and fol. 


for making Experiments on ſpouting 


Fluids, p. 378, u. 1584. 

- for making Experiments upon Fluids 
ſpouting obliquely, . 384, ». 1614. 
— for making Experiments upon the Re- 

ſiſtances of Fluids, y. 438, 1. 1897, and fol. 
— for demonſtrating the lateral Preſſure 
of Fluids, p. 349, . 1446. 
— for turning ſwiftly about Glaſs Globes, 
p. 73, u. 2459, and fol. 
— for trying Money, p. 373, u. 1567, 
and fol. 
— in which a Pendulum is moved by a 
Spring, p. 172, 3. 732, and fol. 

— for making Experiments on the Retar- 
dation of Pendulums, p. 458, z. 1990. 
— for exhibiting the Affections of the 
inclined Plane, p. 74, u. 342, and fol, 
——— pneumatick, p. 14, 2. 2139, and fol, 

— ſimple, II, p. 17, #. 2158, and fol. 


— in which a Weight is fuſtained by 


oblique Powers, I, p. 72, u. 335. 

— for making Experiments on the Pref. 
ſure of Fluids, v. 345, 1. 1433, and fol. 

— for projecting of Bodies, v. 123, u. 543. 

— in which a Point is drawn different 
Ways by Threads, p. 70, u. 330. 

for fixing the Sun's Rays. See Helieſtate. 

— ſimple, p. 5 1, u. 253, Pp. 52, u. 258, p. 
55, u. 272. p. 58. n. 281, and fol. 

A Machine for making Experiments 

on Sound, II, 5. 49, u. 2320, and fol. 

for demonſtrating the Experiments 
concerning the Lever, by which Weights 
are moved, I, p. 47, u. 243. 

— for demonſtrating the Experiments 
concerning central Forces p. 129, *. 567, 
and fol. | 

— to be added to this laſt, to compare 
central Forces together, . 137, 2. 594. 
and fol. 

— for comparing the Forces of Bodies 
falling directly, ». 197, u. 833. 

— for making Experiments on innate 
Forces, and the Colliſion of Bodies, p. 179, 
u. 760, and fol. 

for making Experiments on oblique 
Forces, p. 49, #. 250, and fol. 

or letting down two Bodies in Vacuo 
at the ſame Time, II. p. 34, ». 2241, 
and fol. 

— for turning Bodies about ſwiftly in 
Vacuo, p. 77, n. 2476, and fol, y. 78, 


2. 2483, and fol. 


Machine, for demonſtrating the Experiments, — Index of a Machine. See /rde. 
concerning the lateral Preflure of Fluids 


Machine moſt perfect Uſe of, p. 110, 1. 493 

Machines compound, p. (o, n. 290, P. 61, 1. 
293, 5. 61, 2.294, and fol. p. 63, x. zoo, 
and fol. 

— ſmple, p. 45, . 202. 

— Hydraulic. See Hydraulic, 

— of Uſe in many Experiments, p. 33, . 
158, and fol. 

— for demonſtrating Experiments con- 
cerning the Refraction of Light, II, 5. 
122, 1. 2755, and fol. 

— by which the Velocities communicated 
by Springs let looſe, are examined, I, p.328, 
1. 1346, and fol. p. 329, 2. 1354, and fol. 

Intention of Hydraulic. See Hydraulic, 

—— Indices. See Indices. 

— Uſe of, p. 110, u. 490, and fol. 
Magnitude apparent of an Object, upon 
what it depends, II, p. 181, 2. 3117. 
is increaſed by the Interpoſition of a 

plane Mirror, p. 183, u. 3128. 

— ſeen through a Glaſs is altered, p. 184, 
7. 3133, Pp. 185, u. 3143, P. 186, u. 3148, 
p. 187, 2.3157, and fol. 

— inthe Newtonian catoptrick Teleſcope, 
p. 220, . 3354. 

in the Gregorian, p. 222, u. 3373, and 
fol. v. 228, u. 3406, and fol. 

Mairan, (de) meaſured the Length of a Pen- 
dulum, that performed its Vibrations at 
Paris, in a Second, II, v. 366, u. 4334, 
p. 393, #. 4416. 

Maraldi oppoſes the Opinion of Romer, II, 
p. 101, 3. 2033. 

Mariotte determined the Velocity of Wind, 
Il, v 53, u. 2342. 

made an Experiment upon Water run- 
nung out of a given Hole, I, „. 398, . 
1664. 

=— mentions an Experiment concerning 
the Dilatation of an elaſtick Fluid, II, 
P. 12, #. 2133 

— Not cautious enough in his Experi- 
ment concerning the Colours of Rays, . 
251, #. 3532. | 

—— - demonſtrates a mechanical Paradox, I, 
v. 76, u. 351. 

Mars, II, p. 282, u. 3730. 

ſometimes appears gibbous, p. 294, . 
3821. 

Maſs, what, I, p. 177, u. 748. 

Maſſes of Bodies, about the common Cen- 
ter of Gravity, if they be multiplied by 
the Velocities, the Sum of the Products 
on both Sides is ſometimes equal, . 299. 
2. 1226, and fol, 


Matty 
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Malter of the Heavens very ſabtile, II, . 


where and what Sort of an Appearance 


333, u. 4134. of Objects they exhibit, p. 215, =. 3325, 
— does not move the heavenly Bodies, and fol. p 
v. 332, u. 4131, and fol. — never repreſent Objects exactly, p. 


— remaining in a Receiver exhauſted of 216, x. 3334. 
the Air, though 'tis dilated, yet keeps its how they reflect parallel, direct, and 
Elaſticity, . 24, 7. 2192, and fol. neighbouring Rays, v. 209, u. 3296, and fol. 
— the Quantiy of, equal to a Grain of —— how they reflect oblique Rays, v. 211, 
Sand, may be diffuſed through any Space, x. 3307, and fol. 
I, . 7. #. 37. f — ſpherical, convex, p. 206, 1. 3269. 
— Diviſibility of. See Divifibility. and fol. 
Maupertuis, (de) has deſcribed the Mea- —— according to what Laws they reflect 
ſures made of the Earth's Figure, II. p. Rays, p. 206, u. 3270, and fol. 


393, 2.4415. — Objects ſeen in them, where and how 
Meaſure of Forces from their Generation, they appear, p. 206, u. 3275, and fol, p, 
I, p. 170, u. 721, and fol. 208, . 3288, and fol. 
Medium, II, v. 127, n. 2776. Burning Mirrors, their Diameter determined, 
Meniſcus, II, v. 164, 1. 3001. p. 210, . 3301, p. 217, #. 3337, and fol. 


Mercury contains Fire, II, p. 79, 3. 2489. — Phænomena of plane ones, p. 205, u. 

joins itſelf to Gold and Tin, I, v. 19, 1. 86. 3263, and fol. | 

—D- ſhines in Vacuo, II, p. 80, ». 2491. Molineux endeavoured to determine the Mo- 
and fol. tion of Light, p. 103, . 2639. 

—— Tepells Iron, I, . 20, u. 87, and fol. Moon, II, p. 350, . 4219, and fol. 

Mercury is repelled by Glaſs, I, p. 20, u. 90. —— compared with the Earth, p. 284, 2. 


how cleanſed, II, p. 81, 1. 2495. 3751. 
—— Pillar of it ſuſtained by the Air, v. — with what Force removed out of the 
2, 1. 2085. Plane of its Orbit, p. 360, x. 4278, and fol. 


-——- Denſity of it, I, p. 373, . 1563. i retained in its Orbit, v. 323, u. 4076. 
Mercury the Planet, II, p. 281, 2. 3727. — the Way it runs through in a Minute, 
Meridian Line, II, p. 304, u. 3914, v. 306, 5. 323, n. 4077. 


n. 3936. — Why it always turns the ſame Face 
Meridian of a Place, II, p. 306, n. 3934. towards the Earth, p. 302. #. 3899, and 
—— firſt, v. 306, u. 3940. fol, p. 388, 3. 4518. 

Meridians, p. 300, n. 3881. — appears greater near the Horizon, p. 


Mer ſennus has given an Experiment concern- 81, x. 3119. 
ing falling Bodies, I, p. 247, u. 1071. — by what Forces diſturbed, p. 351, u. 
Metals, if two are mixed, to determine how 4224, v. 352, u. 4230, v. 361, n. 4245, 
much of both the Mixture contains, I, and fol, v. 363, 2. 4302, and fol. 


v. 374, u. 1570, and fol. — - diſturbs the Motion of the Earth, v. 
Meteors fiery, the Cauſe of them, II, v. 89. 348, . 4212. 
rn. 2566. | —— Appearances of, p. 295, #. 3831, and 
Microſcope, II, v. 189, . 3173. . 
— magnifies ſmall Objects, p. 189, 2. — Axis of, inclined to the Plane of its 
3174, and 3176. Orbit, p. 303, u. 3904, v. 389, u. 4522, 
compound magnifies more, y. 190, #9, — its Denſity determined, p. 386, u. 
3180, and fol. 4503, and fol. 
— Aperture of it, p. 191, . 3186, Proportion of its Denſity to that of 
— Field of it, y. 190, 3. 3175. the Sun, p. 386, z. 4506. | 
— upon what it depends, v. 192, x. 3188, and to that of the Earth, v. 387, n. 


Minutes, II, p. 310, . 3970. 4508, 
Mirrors burning, II, p. 210, u. 3300, . —— its Diſtance, v. 338, 1. 4161, p. 340, 
211, u. 3304, and fol. n. 4173, p. 364, u. 4305. 
conical, convex, p. 216, x. 3336. —— its Diſtance not always the ſame, p. 
—— cylindrical, convex and concave, 76d. 356, u. 4254. 
— plane, p. 205, ». 3263, and fol. its periodical Time, if it be moved 
{pherical, concave, v. 205, . 3269. about the Earth at reſt, p. 338, u. 4150, 


how they diſperſe the Rays, p. 225. and fol, p, 340, u. 4177, andfol. 
u. 3374, and fol. 


Moon, 
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Moon, Eclipſe of, p. 296, . 3844. 

em When an Eclipſe happens, p. 296, u. 
3846, and fol. 

central Eclipſe, p. 297, u. 3853. 

— partial, id, u. 385 1. 

— total, ibid, 3852. 

— Figure of, determined, p. 387, u. 4511, 
and fol. 

—— Gravity of towards the Earth altered 
by the Action of the Sun, p. 323, n. 4077, 
p. 339, u. 4162. 

——its Gravity not always the ſame, p. 350, 
n. 4219, and fol. p. 364, n. 4304. 

——- When there will be an Zquilibrium be- 
tween the Parts of the Moon, p. 388, =. 
4518. 

— Motion of, p. 369, u. 3740, and fol. 

— Motion of the Apſides, p. 35 8, u. 4263, 
and fol. 

— about its Axis is equable, p. 389, . 
4521. 

— in what Time this Motion is per- 
formed, p. 388, u. 4519. 

— libratory Motion of, p. 303, u. 3902, 
and fol. 

— Motion of the Nodes, p. 361, u. 4289, 
and fol. 
— Effect of its Motion about its Axis, 5. 
302, u. 3899, and fol. 5. 388, 1. 4518. 
— Pphyſical Explanation of this Motion, 
p. 348, . 42 10, and fol. 

ewe Convexity of its Orbit not always the 
ſame, p. 389, . 4252, and fol. 

— Change of the Inclination of its Orbit, 
p- 362, n. 4293, and fol. 

— periodical Time of, p. 364, u. 4305. 

Morning. See Twilight. 

Motion, I, p. 26, n. 111. 

abſolute of ſeveral Bodies, is not 
changed in Colliſion, p. 303, u. 1241. 

— accelerated, p. 377, u. 368, and 372, 
and fol. | 

———- is accelerated equably, p. 82, n. 370. 


— Of a — Body is accelerated, ibid. 


— apparent, II, p. 285, u. 3765, p. 287, 

1. 3775, and fol. 

— ab Aas, differs from Relative, p. 285, 
n. 3765. p. 288, n. 3778. 

— of the Center of Gravity. See Cen- 
ter of Gravity. 

; 15 communicated ſucceſſively, I, p. 169, 
rn. 710. 

3 be communicated with any Force 
loſt, p. 232, n. 1003, and fol. 

— compound, . 79, u. 360. 

— is examined, v. 271, u. 1147, and 
Ol, 


— of a Body may be reſolved into two 
others ſeveral Ways, y. 273, u. 11:5. 
of a Body deſcending upon a Plane, 2. 

84. u. 382, and fol. | 

— of Bodies revolving round a common 
Center of Gravity, v. 347, u. 4208 and £21. 

——- of non-claſtick Bodies after oblique 
Percuſſion, v. 280, n. 1174, and fol. 

— of Bodies ſtriking againſt one another 
obliquely, how deſcribed, p. 276, =. 1164. 
and fol. p. 278, #. 116g, and fol, 

— diurnal, p. 300, . 3878. 

— the diurnal Motion not obſerved in the 
Poles of the World, p. 301, 3. 3885. 
— it ought to be referred to the Kota- 
tion of the Earth above its Axis, p 336, 

1. 4148. 

— double of it, I, . 26, . 115. 

in antecedentia, or retrograde, p. 280, 
n. 3716. 

— inconſequentia, or direct, d. n, 3715, 

Motion in a Circle, I, p. 15 2, u. 649, and fol. 

— in a Curve, how made, p. 128, 7. 559, 
and fol. 

— in a Cycloid, v. 102, u. 467, and fol. 

— in an Ellipſe, p. 154, . 656, and fol. 

— in an agitated Elliple, p. 160, u. 668, 
and fol, Dar 

— in an agi Orbit, p. 157. 3. 660, 
and fol. © 1 

— Of a Pendulum, See Pendulum. 

— from Projection, made up of two Mo- 
tions, p. 122, u. 541. 

— and reſt, differ relatively, p. 167, u. 695. 

— retarded, v. 82, . 369. 

— tremulous in Machines, how to be 
avoided, v. 233, u. 1c07. and fol. 

— of a Wave. See Wave. 

Motion abſolute compared, with the Mo- 
tion of ſingle Bodies, v. 301. . 1235, and 
fol. y. 304, u. 1249, and fol. 

— Continuation of, v. 78, n. 355. 

— Direction of, v. 27, #. 122. 

— Laws of, p. 78, n. 355, and fol. If, » 
319, K. 4047. 

— Change of, . 78, u. 357. 

Motions two don't diſturb one another, I, 


5. 78, n. 358. | 
— 225 Bodies after the Stroke in tri- 


ple Colliſion, y. 309, u. 1 260, and fol. 
Mouths of Rivers. See Rivers. 
Moveable Body is, I, p. 4, . 17. 
Multiplication mechanical, 1, p. 44, u. 229. 
Mafical Tone. See Tone, 


N. 


Nadir, II, p. 304, u. 3913. R 
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Nerve Optic, II, 174, #. 3068. 

Newton's Teleſcopes, See Teleſcopes Ca- 
toptric. 

New Moon, II, p. 296, n. 3838. 

Nodes of the Planets, II. p. 280. z. 3709. 

— Line of them, . 280, u. 3710. 

Number of the Center about which a Line 
is moved, I, y. 241, n. 1044. 


O 


Objects how painted on a white Plane, II, 
p. 172, . 3058, and fol. 

Oblique Rays, See Rays. 

Obtacle is moved by Preſſure, I, p. 28, u. 
127, p. 1C7, n. 698. 

— and that according to certain Laws, 
p. 29, n. 131, and fol. 

Odorous Parts the great Subtilty of them, I. 
p. 8, u. 43. 

Oil, Denſity of to that of Borax, II, p, 138, 
1. 2846. - 

Drop of, aſcends between Glaſs Plates, 

I, P. 19, . 85. p. 25, n. 110. 

O:ly Parts in Bodies, II, p. 87, u. 2550. 

Opacity depends upon the Pores, II, p. 237, 
1. 3449. 

tiles from a Reflection and Deſlection 
of Light, p. 237, u. 3447, and fol. 

Opaque Body, II, 5p. 98, . 2615. bore 

Opaque Bodies, how they become- tranſpa- 
rent, . 237, u. 3449, and fol. _ 


Oppoſition of Heavenly Bodies, II, p. 290, 


1. 3794. 

Orbits of Planets. See Planets. 

Orifices the 
to be preferred to the leſs, I, p. 426, u. 
1829. 

in Hydraulic Machines, how deter- 

mined in certain Caſes, p. 426, u. 1830, 
and fol. c 

— Diameters of them in Hydraulic Ma- 
chines, what Ratio they bear to the Height 
of the Water thrown out, p. 425, n. 1826, 
p. 432, u. 1871, and fol. 

Oſcillation, Center of. See Center. 


F, 
Parabola, I, p. 123, n. 542, p. 124, u. 545. 


Parodox Mechanical, I, p. 76, n. 352, an 
fol. | 


demonſtrated, p. 77, n. 354. | 
Explanation of one that is deduced 
from the Property of Elaſtick Bodies, p. 


270, u. 1146. | 
Parallax annual, II, p. 316, . 4025. 
of the Moon only determined by Ob- 
ſervations, p. 305, u. 3924. 
— Of the Stars, p. 305, u. 3923, and fol. 


ater in Hydraulic Machines 


Property of it, p. 2, u. 55. | 


Part immerſed of a Body floating in a 
Fluid, I, p. 361, 3. 1511, and fol. 
— Parts immerſed of Bodies floating in 
Fluids, their Proportion to one another, 
p. 362, n. 854. 

of Bodies deſcending into a Fluid by 

various Weights, are to one another as the 
Weights, p. 362, u. 1516, and fol. 

— of a ſolid, ſwimming in Fluids to be 
compared, are inverſly as the Denfities of 
the Fluids, p. 370, =. 1553. 

what are ſeparated in the Combuſtion 
of Bodies, II, p. $7, 3. 2547, and fol. 

Pellucid Body, Il, p. 98, „ 2614. 

Pellucid Bodies become opaque by ſeparating 


their Parts, p. 238, u. 3454, and fol. 
— all the ſmall Parts of Bodies are pel- 


lucid, p. 236, . 3443, and fol. 
Pendulum, I, p. 89, . 404. 
—e-- {ometimes has no Center of Percuſſion, 
p. 243, u. 1054, and fol. | 
— — deſcends faſter in an Arc than in the 
Chord of it, p. 92, 3. 417. 
how moved by a Spring, P. 172. . 
732, and fol. 


may be confidered as a Lever, p. 252. 
n. 1078. 


f how it may run through a Cycloid, 2. 


gl, 2. 410, p. 100, #. 460. 


— Compound, 5. 93, 2. 424. 


— if it runs againſt a fixed Obſtacle, it 
acts differently, p. 242, n=. 1048, and fot. 
p. 242, 1. 1o52, and fol. 

—— Angle of, I. 9. 95, . 440. 

- Force of a ſimple one, in what ratio, 

P. 187, 3. 3. 

Force of a compound one how deter- 

mined, p. 187, . 794, and fol. 

Computations of the Motions of, 
p. 189, x. 801, and fol. 

— Length of, p. 97, =. 451. 

— What Sort of one required, to have 
its Revolutions in the fame Time, in 
different Places of the Earth, II, p. 366, 
x. 4334, and fol. 

— Motion of, I, 2 89. 2. 404, and fol. 

— Motion of, in a Fluid, p. 456, 1. 1981, 
and fol. | 

— Velocity of, p. 95, . 437- 

—— angular Velocity of, ibid. u. 438. 

— in what Ratio it is, p. 96, 3. 446, and 
fol. 

—— Velocity of any Point of it, ibid, v. 

8. 

<< Velocities of, in unequal Vibrations, 
P. 95, 2. 441- Bd 

— that are very ſmall, ibid, n. 442, p. 
96, . 445+ Pendulum, 
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Pendulum, the ſmall Vibrations are made in 
the ſame Time, p. go, . 407. 

— Vibrations of in a Circle, compared 
with the Vibrations in the Chords, p. go, 
#. 405, p. 92, x. 416. 1 75 

— no Matter of what Weight, or of 
what Matter made, p. 92, 3. 421. 

—— Squares of their Angles. p. 97, u. 450. 

— Velocities of equal ones, when the 
Angles are equal, but Gravities different, 
p. 96, . 444. 

—  Yelocities of different ones, when the 

Angles are equal. p. 95, u. 443. 

—  Daurations of their unequal Vibrations, 
p. 92, u. 418, and fol. p. 96, . 449. 

Forces of, p. 187, . 792, and fol. 

— Uſe of in Clocks. p. 94, *. 429. 

Penumbra, II, p. 298, . 3863. 

Perceptions anſwer to the Motions of the 
Nerves, and how, II, p. 48, =. 2310, p. 
176, #. 3077, and fol. , 

Percuſſion oblique conſidered, I, p. 256, u. 
1161, and fol, 

of equal and elaſtick Bodies, what 
Change they produce in Motion, p. 277, 
*..1167. | 

— Centers of. See Center. 

Perihelion, II, p. 279, 3. 3702. 

Periodic Time, I, p. 137, u. 592. 

Phenomena , 

— comprehend alſo the Motions in the 

- haman Body, 76:4, u. 3. 

—— explained by Phyſicks, p. 2, . 5. 

Phoſphorus of Urine, II, p. 81. . 2498. 

ſhines in Vacuo, p. 95. n. 2597, and fol. 

Phy/icks converſant about a Things, 
I, P. 1. 

Picture of Objects in the Eye is inverted, II, 
p. 175, #. 3070, and fol. p. 178, 1. 3101. 

Pidture of Objects falls within the Eye, p. 
175, N. 3073. . 

Pillar, uſed in the Experiments, I, p. 34, 
n. 162, and fol. 

Pipes through which Water is brought, of 
what Sort they ſhould be, I, p. 382, . 
1601, and fol. 

Placer, II, p. 277, n. 3683. 

Place what, I, p. 26, 1. 112. | 

—— apparent of a Body in the Sphere of 
the fixed Stars, II, v. 287, 1. 3774. 

— relative, I, p. 26, n. 114. 

— true, ibid. n. 113. 

Planet, Axis of, II. y. 280, . 3718. 

— the Axis of the Planets is carried with 

a parallel Motion, ibid. 1 3721. 

— mean Diſtance of from the Sun, p. 
279, *. 3700. 


—— Figure of, determined from Obſerva- 
tions, p. 374, , 4412. 

how varied from its Motion about its 

Axis, according to its different Conſtitu- 

tion, p. 373, n. 4400, and fol, 

Poles of, p. 281, „. 3722. 

— the Figure of a ſpherical one from the 
fluid Matter, changes by the Revolution 
about the Axis, p. 364, u. 4311, p. 338. 
1. 4375; and fol. 

Planets, II, p. 278, #. 3692. 

are higher under the /Equator, than 
under the Poles, p 264, . 4311. 

—— deſcribe elliptic Lines in their Motions, 
p. 278, n. 3096. 

that are immoveable, p. 342, . 4184. 

gravitate towards the Sun, p. 320, . 
4054+ ; 

revolve about their Axes, p. 26, =. 3319, 
p. 300, u. 3875. 

— revolve about the common Center of 
Gravity of the whole Syſtem, p. 342, 1. 
4183. | 

— inferior, p. 282, u. 3735. 

—— ſuperior, i814. 1. 3734. 

— 1 1 p. 278, *. 3694. 

— econd , p. 278, N. 3695, 5. 282, 
n. 3737, and fol. 8 

— gravitate towards their Primaries, 5. 
320, . 4055, 

—— and towards the Sun, p. 320, u. 4057. 

— retrograde, p. 290, 3801. | 

— ſtationary, ibid. n. 382. 

— Effect of their mutual Actions, p. 345, 
n. 4199. | 

— Deviities of, p. 337, 1. 4152, and fol, 
p. 339, u. 4168, and fol. 

—  Diftance of, how diſcovered, p. 282, 
*. 3733. | 

— Figures of determined, p. 364, u. 4306, 
and fol. p. 388, x. 4375, and fo 

— Appearances of the inferior ones, p. 
290, n. 3799, and fol. 

— Phznomena depending upon their O- 
pacity, p. 292, 1. 3811, and fol, 

— Appearances of the ſuperior ones, 2. 
293, 2. 3816, and fol. 

— Motions of, p. 280, 3. 3711, and fol. 

—— - Situation of their Orbits why changed, 
P. 345, u. 4199, and 4202. ; 

— Orbits of the primary how diſpoſed, 
P. 278, n. 3697, p. 279, u. 3706. 

— Appearances of the ſecondary, p. 294, 
n. 3822, and fol. 

— and their Motions, y. 282, v. 3739, 
p. 346, n. 4205, and fol. . 
G 88 2 —— their 
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—— their Weights, v. 339, . 4162, and fol. 

Squares of their periodic Times, p. 
283, v. 3747 

Plane in an Hydraulic Machine, with what 
Velocity it ought to be thruſt out, to 
raiſe the greateſt Quantity of Water, 

1, v. 431, 2. 1855, and fol, p. 434, *. 
1880, and fol, | 

—— inclined, . 73, *. 328. 

—— — Deſcent of a Body upon it, «bid, u. 
340, and fol. p. 74, u. 344. and fol. 
— Deſcent of heavy Bodies upon it, p. 
84, 3. 381, and fol. 

n. 340. 

Length of, ibid. u. 339. 

Plate is moved according to the Laws of a 
Pendulum vibrating in a Cycloid, I, yp. 
326, n. 1335. | 

— elaſtick, if one End being fixt, it be 
bent, it is lengthened unequally in diffe- 
rent Points, . 325, n. 1332, and fol. 

— of Metal, how it becomes elaſtick, 
p. 368, n. 1282 

— may loſe its Elaſticity, ibid. 

— then does not reflect Light, if its 
Thickneſs be too much diminiſhed, II, p. 
925, #. 3640, and fol. . 

Plate Curve, the Introceſſions of it are as 
the Weights, that it is laaded with, I, p. 
327, #1339. | | 

— and the Inflections of it are propor- 
tional to the Forces with which it is re- 

tiained in theſe Inflections, p. 326, x. 1336, 
and fol. 

— Lengthening of. See Lengtbening. 
— Colour of a thin one, on what it de- 
pends, II. p. 269, „. 3634, and fol. 
the Colour is encreaſed with the Thick- 
neſs, p. 269. n. 3631, p. 272, n. 3651. 
thin ones tranſmit ſome Rays, and re- 

fle& others, p. 267, u. 3620, and. fol. 

Elafticity of. See Elaſticity. 

— Variation of the Colour of thin ones, 
ariſing from the different Situation. of the 
Eye, p. 272, u. 265 2, u. 352, f.273, 2.3657, 

Point higheſt of a Way run through by a 

projected Body, p. 126, . 554, and fol. 

— of Diſperſion of Rays, II, v. 143, . 
2371. 

ä Point is determined, p. 141, 3. 
2898. 

— radiant, p. 143, 2. 2869. 

—— or Point of Diſperſion, when at a 
greater or leſs Diſtance, p. 143, u. 2873. 

— drawn bY three Powers, when it is at 
zeſt, I, p. 66, n. 315, and fol. v. 68, u. 
320, and fol. 


— drawn by four Powers, p. 69, n. 325, 
and fol. 

— drawn by five Powers, v. 70, . 328, 
and fol. 

Points correſpondent in good Eyes, II, p. 
179, u. 3106. 

— of Suſpenſion. See Balance. 

Polar Circles, Il, 5. 302, ». 3897, and fol. 

Pale antarctick, p 302, =. 3896. 

— arctict, ibid. 

— Altitude of. See Altitude. 

Poles of the Ecliptick. See Ecliptick. 

— of the World, p. 300, 3. 3877. 

— how far diſtant the Poles of the World 
are from thoſe of the Ecliptick, p. 301, 
n. 3889. 

———-of a Planet. See Planet. 

Power, what, I, p. 27, . 123. 

— applied to the Axis in Peritrochio, 5. 
51, 2. 255, and fol. 

— Which is joined to a Pulley, p. 63. *. 
269, >; 

— Which is joined to a Screw, p. 58, x. 
283, þ. 63, 2. 304, and fol. 

— Which. is joined to a Wedge, v. 55, u. 

277 p. 57. n. 280, p. 59, . 287, and 

ol. | 


— applied to compound Machines, p. 61, 
u. 291, and fol. g. 64, u. 306, fol. 
— applied to Sheaves joined, p. 63, 5. 

30, and fol. 

Power applied to Wheels joined, p. 62, z. 
298. . h 

— to Pulleys, p. 52, 3. 259, and fol: 

— direct, p. 65, u. 308. 

— oblique, ibid. n, 309, and fol. 

= applied to Machines, ibid. u. 310, and 
ol. | 

——- Reſiſtance of, how it increaſes, p. 30, 
„ 1 IN 

Powers drawing a Lever two Ways, p. 49, 

nu. 248, and fol. 

— ſuſtaining a Weight obliquely, p. 71, 
n. 332, and fol. p. 72, u. 336, and fol. 

— 28 may deſtroy themſelves, p. 31, 
n. 146. 

— what Sort of proper to raiſe Weights, 
p. 48, u. 246. . 

— Actions of, how they differ from one an- 
other, p. 28, u. 129, p. 30, n. 142. 

— their Intenſities, in what Ratio, p. 29, 
1. 131, and fol. 

Power of a Quantity how raiſed to a greates, 
I, Pp. 162, #. 675, and fol. 

Pound, (J.) defends the Opinion of Romer, 
II, p. 102, ». 2636. 

Proceſſion of the Æquinoxes. See Aiqui- 
NOxes, Preſſure 
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Prefſure equal every Way may be ſuſtained 
by ſoft and brittle Bodies, without any 
Alteration of their Figure, I, 5p. 353, . 
1471, and fol. h 

— is often deſtroyed in Part by a con- 
trary Preſſure, p. 167, . 698. 

_ differs from Force, p. 169, . 714, and 
70 | 

—— communicates Velocity to a Fluid, p. 
376, u. 1575, and fol. 

— Of a. Fluid equal every Way, does 
not alter the Figure of any Drop, p. 354, 
n. 1473, and fol. 

Power upon a ſolid immerſed encreaſes in 
the Ratio of the Height of the Fluid a- 
bove the Solid, p. 353, 7. 1468, and fol. 

—— on it, every Way is nearly equal, p. 
353» *. 1470. ; | 

— upon the lower Parts of a Fluid, exerts 
its Action every Way, and that equally, 
p. 341, . 1418, and fol. 

Preſſure what exerted upon the Surface by 
a Fluid, p. 344, #. 1431, p. 347, u. 1441, 
and fol. p 350, 2. 1453. 

——— lateral of a Fluid is equal to the Ver- 
tical, p 351, #. 1445, . 349, 3. 1447. 
v. 351, u. 1457. 

— of a Fluid upwards, equal to the 
Preſſure downwards, p. 349, #. 1448, and 
fol. p. 3c1, n. 1454 

— . F 14.5 5. 167, u. 696, and fol. 

— badly compared with innate Force, p. 
168, x. 704. | 

— overcome by Force, ibid. n. 701, and 
fol. 

— or Power. See Power. 

— Action of. See Action. 

— Direction of that of a Fluid is per- 
pendicular to the Surface preſſed, p. 355, 


7. 1474. , 


— by it the Parts of Bodies cohere to- 
gether, v. 217, u. 926. 
— by it alone a Body in Motign, can' 


communicate Motion to another Body, p. 
232, u. 1003, and fol. 

— equal, py. 28, 7. 124. 

—— equal ones deſtroy one another, 764d. 


n. 125, p. 30, u. 139, p. 30. u. 143, and 


145. 
3 of Preſſures to one another, 2. 
„ 
* Stands, II, v. 254, 1. 35 52, and 
ol. 
Problems relating to Bodies projected in a 
Fluid, I, v. 468, . 2042, and fol. 
Progreſfion may be continued in infinitum, I, 
p. 8, u. 45, and fol. | 


Projection of a Body to a given Diftance, I, 


Pp. 125, u. 547, and fol. 

Projection of a Body to a given Diſtance, 
through a given Point, . 127, », 55, 
and fol. ü ey 

— of heavy Bodies, p. 122, ». 540, and 
fol | 

— Pody projected upwards, has a tuc- 
fold Motion, TI, p. 336, . 4150. 

Preportion Rule of, performed mechanically, 


I, p. 44, 1. 231. 
Pupil, II, v. 173, . 3064. 


Q. 
Qualities of all Bodies, I, v. 3, x. 11. 
Quantity of a Fluid running out of Veſts, 
See Fluid, 
R. 


Radiant. See Point. 

Rain, why it falls, II, v. 86, n. 2543. 

Rainbow, when it happens, II, p. 262, . 
359', and fol. 

— what Motion of Light required to 

form it, y. 259, n. 3577, aud fol. p. 264, 
u. 3601, and tol. 

—— two often oblerved, . 263, u. 3599, 
and fol, 

Ray of Light, II, v. 98, n. 2611. 

— incident, 9. 128, . 2784. 

— falling upon a ipherical Surface, ſepa- 
rating the Mediums, how refracted p.151, 

x. 2919, and fol. 

— reflected, p. 200, . 3238. 

— refracted, p 128, n. 2785. 

— every Proceeding from the Sun, is 
heterogeneous, p. 240, u. 34 0. 

patiing through the Center of a ſphe- 
rical Surtace, is not turned out of its 
Way, v. 151, * 2916, 

Rays converging and more converging, v. 
143, # 2874 

— when they become more converging, 
p. 140, 1 2891, and 2894. 

—— when they become leſs converging, 5. 
146, x. 2888. 

——— {alling upon a ſpherical Surface, ſome- 
times are not refracted, p. 154, 1. 2942, 


Pp. 157, *. 2970. 
— become parallel, y. 156, 1. 2951, p. 


157, 1. 2971. 

— leſs or more converging, p. 155, . 
2943, and fol. p. 156, 1. 2901. 

— direct, p. 144, 1. 2878, 

— and diſperſed a little, how refracted, 
if they fall upon a ſpherical Surface, 9. 
152, 3. 2929, and fol. p. 161, 3. 2989. 

— parallel how refracted, it they fall 
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on a ſpherical Surface, p. 152, ». 2927. 
diverging, . 143, 2868. 
— more diverging. P. 143, 1. 2872. 
Rays diverging that fall upon a ſpherical Sur- 
face, ſometimes become converging, p. 
154, u. 2930, and fol. 
thoſe are not bent by Refraction, 5. 
155, 1. 2947. ; | 
— but go out parallel, p. 154, 2. 2938. 
and fol. | 
are diſperſed more, p. 155. *. 2948, 
ard fol. p. 156. u. 2990, p. 157, u. 2908, 
p. * 1. 2973. | 
els diverging, p. 154, u. 2940, and 
fol. p. 155, u. 2948, p. 156, n. 2959. 
—— efficacious, py. 260, u. 3581, P. 204. 
1. 3691. and fol. 
— Heterogeneous, p. 240, . 3468. 
Homogeneous, p. 239, #. 3467. 
entring the Eye, converge, p. 174, 
n. 3069. | 
are not altered by Permixtion, p. 355, 
n. 3559, and fol. 
nor by Reflection, p. 251, . 3537. 
and fol. 
— - nor by Refraction, p. 248, 1. 3514s 
and fol. : ; 
— oblique, . 144, 2. 2878. 
parallel falling upon Water ſurround- 
ed with Air, p. 259, 4. 3577, and fol. 
— falling upon a ſpherical Surface, ſome- 
times become converging, p. 153, u. 2934, 
and fol. p 156, . 2950. —.— 
and diverging, p. 155, #. 2945, and 
fol. p. 157, u. 2967, and 2972. | 
paſſing out of one Medium into ano- 
ther, when they are parallel after Re- 
fraction, p. 144, . 2879, and fol. 
—— paſſing through Cryſtal, how refracted, 
. 248, u. 3518, and fol. | 
— all don't always undergo the ſame Re- 
fraction, p. 239, 1. 3405, P. 240, u. 3472, 
and fol. | 
Rays of the Sun fixed by an Helioſtate, p. 
107, 2. 2600, and fol. p. 113, #. 2709, 
and fol. 
paſſing through the Center of a Lenſe, 
p. 168, u. 3038, and fol. 


—— paſſing through a concave Lenſe, their 


Direction, p. 166, 4. 3020, and fol. 

— paſſing through a convex Lenſe, their 

Direction, p. 165, u. 30 10. and fol. 

— Direction of, not altered in plane 
Glaſſes, p. 165, n. 3005. 

— of direct ones, ſometimes there is no 
Point of Diſperſion, or Focus, p. 147, 
A. 2895. 

2 


w—- Refraftion of ablique ones, falling on 
a plane Surface, is examined, $, 147, mr; 
2897, 5. 149, . 2906. 

—— Refraftion of, a little diſperſed, falling 
on nn P. 159, u. 2979, 
and fol. þ. 161, =. 2990. | 

—— Refrattion of converging or diverging 
ones, p. 159, #. 2081, and fol, p. 162, u. 
2994, and fol, 

— no Point of Diſperſion or Focus of 
theſe, p. 148, #. 2901, and fol. p. 160, 
N. 2987. 

— of Parallel paſſing through à Lenſe, 
the Point of Concourſe or Diſperſion, Pp. 
167, 7. 3029, and fol, . 171, 2. 3054. 

—— Refrangibility of thoſe reflected by 
Bodies, on what it depends, p. 273, n. 
3659, and fol. | 


— what remains relating to the Rays of 


Light, ſee in Light. 

Reaction is contrary to Action, I, p. 80, 
n. 361, and fol. 

— of the Particles of Fluids is one Cauſe 

of the Reſiſtance, which a Body, moved 
in it, undergoes, p. 437, 2.1891, and fol. 


Rectangle of Uſe in Experiments relating to 


Light, II, 5. 126, ». 2775. | 

Reflection of Light from Bodies, IT p. 172 
#. 3057, P. 197, . 3225. a 

— * f a poliſhed Surface, p. 200, n. 

3230, p. 205. 4. 3202. | 

— * what Force made, p. 203, 2. 
3256. 

Ra, a Relation to the refracting Force, 
b 55, u. 2359, and fol: 

Reflection of Light is not given in the Sur- 
face of Bodies, 204, u. 3261. 

—— does not ariſe from the ſtriking of 
Light againſt the ſolid Parts of Bodies, 
p. 201, 7. 3246, and fol. 

— * of Reflection, I, p. 276, n. 
1162, II, p. 200, x. 323 

— is equal to the Angle of Incidence, I. 
p. 276, n. 1163, II, p. 200, n. 3241, and 
fol. 


Laws of it, 5. 201, #. 3244, and fol. 

Refration of Light, II, p. 287, . 2777. 

— when it happens, p. 288, 3, 2778. 

3 whence it ariſes, ibid u. 2779, and 
ol. 

— from one Medium into another may 
be determined, p. 140, #. 2B56, and fol. 

— when the Mediums are ſeparated by 
« phos Surface, p. 143, 1. 2867, and 
ol. 

— and when ſeparated by a ſpherical Sur- 
face, p. 151, #. 2913, and fol. 

Refractlon 
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Refradtion differs according to the different 
Denſities of the Mediums, 131, =. 2803. 

— of diverging Rays, falling oblique- 
ly upon a more refracting Medium, de- 
termined, v. 145, =. 2882, and fol. 

Refraction, Angle of. See Angle. N 

— Laus of demonſtrated, v. 133, 3. 2815, 
and fol. | | 

—— Whence deduced, p. 131, 2. 2804. 

— different Cafes of, p. 152, n. 2927, 


5. 153, 1. 2934. 5. 155, 1. 2945,P. 156, 


2. 2956, P. 157, u. 2907. 

Refrangibility different in different Rays, p. 
239, 3. 3465, %. 240, u. 3472, and 
fol. 

— Of Rays has a different Colour, p. 245, 
„ 3495 

in all Rays is unchangeable, v. 247, u. 

35 13, and fol. | 


—- is inherent in Rays, p. 248, n. 3514. 


— the greater it is, the more eaſily Rays 
are reflected, y. 254, u. 3551. 
Relaxations of a Spring. See Spring. 


in what Time made, I, y. 334, =. 1374- 
Repulſion of the Rays of Light, II, p. 116. 
u. 2726. 
— la teces of it, 1, v. 20, u. 87, and 
i.. 2 | 


— the. Cauſe of it unknown to us, II. 


p. 121, 1. 2753. J | 
Reſiſtance and Action differ relatively. See 
Actian 
— of a Body when it is accelerated, I, 
5. 177, #. 781. | g 
Ee a a Cylinder moved in a Flnid, to 
that of a Cone, v. 443, u. 1918, . 451, 
n. 1949, and fol. 
— of a Globe, p. 444, 1. 1919, p. 451, 
n. 1950. 

— of a Globe moved in a Fluid to the 
Reſiſtance of a Cone, . 444, n. 1920. 
— from the firſt Cauſe in different Fluids 

differs, p. 447, . 1932. 
is leſs in ſwifter Motions, 157d. 2. 1933. 
which a Body moved in a Fluid ſuffers, 
is not changed with * Figure of the Bo- 
dy, yp. » 2. 1916. | 
= Fas the ond Cauſe is as the 
Denſity of the Fluid, y. 447, ». 1934. 
— Which a Body moved in a Fluid ſuffers, 
varies according to the different Figure of 
the Body, p. 143, u. 191 7. 
— inſtantaneous of a Body moved in a 
Fluid, II, p- 473, 1. 2006, and fol. 
— of a right Priſm, moved in a Fluid, 
what Weight it is equal to I, 2. 448, 2: 
1937, P. 449, . 1943. 


of the Parts bent in elaſtick Solids, 


— Which Bodies moved in Fluids ſuffer, 
whence it arifes, p. 436, u. 1885, and 
fol. 

Refiftantes, which Bodies ſuffer, that are 
moved in Fjuids with different Velocitics, 


examined by Experiments. v. 441, v. 1908, 


and fol. 
Reft and Moti differ relatively. See Vo- 
0701, 

— of Bodies demonſtrates the Equality 
of Motion, I, p. 81, 2. 367. 

of Bodies in Colliſion, when it hap- 
pens, py. 224, n. 962, and fol, p. 225, ». 
998, and fol. v. 244, . 1058. 

Retardation of a Body in a Fluid, from a 
double Cauſe, y. 452, n. 1953, 5. 455» 
n. 1975, v. 461, n. 2002, and fol, p. 465, 
n. 2027, and fol. 

of a Body ſpecifically heavier than a 
Fluid, that aſcends, or ſpecifically lighter, 
that deſcends, y. 455, u. 1976, p. 468, 
1. 2040, and fol. 

— in which it is projected upwards, v. 
468, u. 2040, and fol. 

of a Body in a Fluid, in infinitely 

| ſmall Moments, is equable, p, 461, z. 

2003, p. 471, u. 2059. 

of a Body in a Fluid at reſt, is equal 
to the Velocity which it acquires, whilſt 
the Fluid is moved, p. 452, 1. 1955. 

—— ariſing from the Coheſion of Parts, y. 
453, u. 196o, and fol. p. 462, u. 2008, 

and fol. » 472, u. 2604, and fol. 

— from the ſecond Cauſe, y. 454, . 
1954, and fol. p. 463, u. 2012, and fol. 

of a Fluid. See Fluid. 

Retardations of Pendulums in Fluids, p. 458, 
n, 1989, v. 459, 3. 1991. 

Retina, IT, p. 174, 4 3068. 

Ring of Saturn, II, p. 282, u. 3732. 

—— Appearances of it, . 295, n. 3827, 

Rifing of the Stars, II, v. 304, u. 3910. 

River, I, p. 399, n. 1667. | 

— ina permanent State, v. 399, u. 1668. 

— xegular, v. 405, . 1707. 

— bending its Courſe, is not always ir- 
regular, y. 405, u. 1713. 

— how made, v. 402, n. 1684. 

— Thread of, p. 405, 7. 1708. 

— Bottom of, how raiſed, p. 407, . 
1724, and fol. 

— - Mouths of, how multiplied, . 407, 

u. 1724, and fol. | 

— Section of, . 399, 3. 1699. 

— Velocity 61. . by . Cauſes, 
v. 403, 2. 1689, and fol. 2. 405, n. 1712, 
and fol, Pp. 497, u. 1726, and fol. 

Rivers 
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Rivers undergo many Alterations, p. 404, 


n. 1702, and fol, y. 406, . 1715, and 
fol. 


by Nature, 7 402, u. 1686, 5. 404, u. 
1701, and fol. y. 407, 2. 1723. 
— Courſe of to be examined, . 399, 1. 

1671, and fol. 


— Changes of, how hindered, p. 408, 


1. 1733. 


— Banks of, why they don't reflect the 


Waves, v. 410, #. 1743. 


Rackets, an Explanation of their Motion, IT, 


5. 70, K. 2447+, | 

Romer endeavoured, to determine the Velo- 
city of Light, . 99, . 2621. 

Ropes, Paralleliſm of them in Sheaves joined, 
may be neglected, I, v. 53, n. 267. 


8. 


Sagitta of a Chord, T, p. 315, v. 1283. 
— encreaſe of it, how determined, 


320, u. 1304, v. 321, 2. 1311, and bel. 


Sagitta ſometimes are not varied, though 
the Weights be changed, . 316, 1. 1288. 

are 23 as the bending Forces, 
ibid. n. 1289. 


— they are ſometimes as the Lengths of 


the Chords, ibid. u. 1291. | 

— which different Weights hung on the 
elaſtick Plate have given, v. 325, u. 1326, 
and fol. 

Sand continually worn away by the flowing 

Water, I, v. 404, #. 1703, and fol. . 

405, 171, u. and fol. 

Satellites. See Planets Secondary. 

Saturn, II, p. 282, n. 3732. 

— always appears round, y. 294, n. 3820. 

—— gravitates towards Jupiter and his Sa- 
tellites, v. 321, 1. 4062, and fol. 344, 


n. 4194. 
— his Ring. See Ring. 


—— Motion and Diſtance of his Satellites, 


P: 283, 2. 374 > . . 
— d Diſtance * periodick Time of bis 


fourth Satellite, p. 338, 1. 4160, 

Sclerotica, II, p. 173, u. 3063. 

Screw exterior, I, p. 58, 3. 282. 

interior, p. 58, u. 284. 

perpetual, þ 63, n. 304. 

Seaſons annual, II, p. 313, u. 4008. 

in the northern Regions, y. 313, 2. 

4009. 

in the Southern, v. 314, u. 4010. 

— in the Torrid Zone, ibid. n. 4011, 
and fol. 


all the Channels of, not made hollow: 


— Diverlity of them, the Cauſe of, 5. 
312, u. 4002, and fol. 

Section of 1 Coy: See River, 

Segments of Spheres equally elaſtick, preſſed 
1 * 336, 3. 1388, and l. 

Compariſon of the Segments of 

Sphere, py. 205, 3. 863, and fol. 8 


. Senſation in Phyſicks how to be explained, 


II, . 48, 3. 2311, and fol. 
Senſes teach nothing of themſelves, IT, . 
176, u. 3080. | 
— how we diſtinguiſh by them, p. 176, 
n. 3084. | 

Seſquiditore, II, v. 55, n. 2366. 

Setting of the Stars, II, pe 304, 7. 3911. 

Sight, II, p. 175, 3. 3076, v. 176, n. 3086, 

Sens of 1. Zodiac dee Zela. ; 

Sines of the Angles of Incidence and Re- 
fractions. See Angler, 

Silver, Denſity of it. See Denſity. 

— Weight of, I, y. 13, . 63. 

— — an Ounce of, how far it may be ex 
tended, bid. 

Siphon, II, p. 38, #. 2258, and fol. 

—— for raiſing Water, p. 39, u. 2261. 

Smoke may be turned into Flame, II, p. 87, 

u. 2552, and fol. 2 

Szow mixed with Sea · ſalt turns Water into 

Ice, II. p. 96, . 2606, and fol. 

Selidity of Matter, what, I, p. 3, 1. 15. 

— Can't be deduced from the Nature of 

Extenſion, p. 6, u. 29; and fol. 

— Idea of it, how acquired, . 5, #. 23. 

— not contained in the Idea of Extenſion, 
v. 5, u. 25, and fol, | 

Solid ſpecifically heavier than a Fluid in 

| which it is ſuſpended, does not load it 
more, than an equal Quantity of the ſame 
Fluid, p. 258, =. 1501, and fol. 

— in which it is immerſed, deſcends, . 

+ A. 1475 | 

8 han the Fluid in which it is 
immerſed, aſcends, p. 354, n. 1476. 

— of the ſame ſpecifick Gravity with 
the Fluid in which it is immerſed, will 
remain ſuſpended at any Height in the 
Fluid, p. 355, *. 1477. | 

_ elafick CLASP N 333, 3. 1372, and 
0 i 

n= immerſed, what Weight they loſe. 
See Weight. 

az hydroſtatical Com 
371, . 1558, and fol. 

Solſtitial Points, IT, p. 176, n. 3083. | 

Sound js heard at a different Diſtance, ac- 
cording to the Direction of the Wind, II, 


p. 53, n. 2345» Sound 


iſon of them, . 
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Sound is encreaſed in a Tube by Reflection, 
p. 57, n. 2380, and fol. 

— ceaſes, the tremulous Motion ſubſiſt - 
ing, v. 49, 1. 2318. 

— continues after the Percuſſion of a 
Body, ibid, u. 2317. | 

— no Sound in Vacuo, . 50, . 2322, 
and fol. 

ariſes from the tremulous Motion of 
Bodies, p. 49, u. 2313, and fol. p. 50, 
n. 2327. 

— is 8 through Fluids, p. 5 1, u. 
2331, and fol. | 

— ho produced in the Ear, p. 51, . 
2334. 

> is produced by the Motion of Waves 
in the Air. p. 48, u. 2309. p. 50, u. 2326. 

—— Varies according to the Number of 
Vibrations of the Body that produces the 
Sound, v. 55, . 2356. 

——— Intenſity of it, upon what it depends, 
v. 53, u. 2346. 

What to be conſidered, to determine 
the Intenſity of it, py. 53, . 2348. 

— in what Ratio the Intenſity is, v. 5 3, u. 
2347, Pp. 62, n. 2388, and fol. 

— ho the Intenſity is changed, . 54, 
n. 2349. 8 ; 

— the Intenſity of it is encreaſed in com- 
preſſed Air, p. 54, u. 2350, and fol. 

— and is greater in Summer than in 
Winter, v. 54, u. 2353, and fol. 

——— watery Vapours obſtru& the Intenſity 
of it, p. 55, u. 2355. 1 

— - Repetition of it, whence it ariſes, 5. 
$7, #. 2378. | 

— Repetition of the ſame often happens 
ſeveral Times, ibid, u. 2379. 

— TFranſlation of, from the tremulous 
Motion of Fibres, p. 50, u. 2328, and fol. 

— Velocity of, v. 5 2, u. 2336, and fol. 

the Velocity of it differs from diffe- 
rent Cauſes, v. 52, n. 2340, and fol. 

Space is infinite, I, y 5, u. 27. 

immoveable, ibid. n. 28. 

— the Idea of it is very ſimple, v. 5, 
n. 28. 

— run through, how encreaſed, p. 27, 
2, 120. 

run through, in what Ratio, ibid. u. 
121. 

if the Space run through it is the ſame, 
the Action is the ſame, v. 171, u. 728, 
5. 199, u. 837. 

Space taken up by Matter that becomes 
elaſtick, is very ſmall, whilſt inherent in 
Bodies, II, p. 11, . 2126. 


Spaces run through by a falling Body, I, p. 
83, u. 374, and fol. 

— and by a Body running along a plane, 
v. 84, u. 384, and fol. 

— and by Bodies moved through a Fluid, 
v. 455, . 1973, and fol, 

—— Tun through by certral Forces, p. 151, 
n. 645, and fol. 

Sphere oblique, II, p. 307, n. 3946. 

— parallel, ibid. u. 3945. 

— Tight, p. 308, . 3960. 

Sphere of the fixed Stars, p. 287, . 3773. 

—— = Compariſon of the Segments of a 
Sphere. See Segments. 

Spheres elaſtick how preſſed inwards, I. p. 
334, 3. 1375, and fol. 

Spherical Surface, how conſidered 2, p. 151. 
1. 2917, 

Spiral Logarithmic, I, p. 9, u. 47, and fol. 

how to be meaſured, p. 10, . 51. 
and fol. 

— one may differ from another in Length, 
ibid. n. $4 

Spirit of Turpentine, Denſity of it to that 
of Water, See Vater. 

Spots white in the Heavens, II, v. 318, . 
4044. 

— made by elaſtick Spheres, of what 
Kind, I, y. 335, . 1384, and fol. p. 337, 
7.1393, and fol. 

Spring, how it appears that it is relaxed in 
equal Times, I. p. 184, 3. 784. and fol. 
— moved with a Ship, what Force it 

communicates, v. 270, u. 1145. 

—— Whilſt it is relaxed, what Action it 
produces, v. 328, u. 1343, and fol. 

bent what Forces it communicates to 
Bodies moved by it, p. 254, u. 1087. p. 
257, u. 1096, and fol. 

— bent between ſuſpended Bodies how 
relaxed, p. 255, u. 1090, and fol. 

——— What Velocities it communicates to 
them. See Velicities. 

—— the ſame, whether relaxed flower or 
faſter, communicates equal Force to a 
Body, p. 172, #. 731, p. 170, n. 745- 

—— What Force it exerts, at that Part, at 
0 it is moved, p. 268, u. 1140, and 
ol. 

— if Bodies are moved oppoſite Ways 
after the Stroke, p. 269, u. 1144. 

— ubereby a Pendulum is moved, v. 174, 


n. 739. 

Aion * in elaſtick Bodies is very ſudden, 
v. 264, u. 1127, and fol. 

— wrongly eſtimated by ſome, . 184. 
n. 783. Defect 
H h h 


lf 


; 
: 


Spring, Defedt of its Elaſticity, how deter- 
mined, v. 329, #. 1349. ; 

— Rclaxations of, communicated For- 
ces which are as the Squares of the In- 
ſtections, v. 328, ». 1344. ' 

—— what Velocities they communicate, p, 
328, n. 1345. FA 

Squares of natural Numbers, their Sum, I, 
p. 120, u. $34: 

Stars fixed, II, p. 103, 2. 2640, 2 278, 

n. 3688, v. 315, n. 4023, and fol. 

——— deſcribe Ellipſes, p. 105, ». 2048, and 

fol. 


—— ſeen with a Teleſcope, appear like a 


hucid Point, p. 316, u. 4027. 

do not all appear equally lucid, p. 
317, u. 4036, and fol. 

——— ſome are periodical, ibid. 1. 4042. 

— — ſome have appeared, and quite va- 
niſhed, ibid. . 4043. 


a great Number of them diſcovered 


by Teleſcopes, ibid. u. 4041. 


Steelyard Compound, I, p. 61, x. 294, and 


fol. 
——— Roman, v. 38, 3. 193, and fol. 
Stones calcined, ſeveral ſhine, after they 
have been expoſed to the Sun, II, p. 66, 
1. 2422. 
Stroke oblique, I, v. 216, =. 922. 
— depends upon the reſpective Velo- 
City, v. 221, u. 948. . 
Subtilty of Parts, I, p. 13, n. 63. 
Subtraction Mechanical, I, v. 44, . 228. 


Support for two Priſms, II, p. 252, u. 3539, 


and fol. 
Sytem Planetary, II, p. 278, u. 3686. 


—— - conſiſts of ſeventeen ſpherical Bodies, 


5. 278, u. 3690. 
i the Object of Aſtronomy, ibid. u. 
687. 

UE. Phyſical Explanation of the planeta- 
ry Syſtem, p. 341, #. 4108, and fol. 
imenſions of it, v. 281, 1. 3725, 

and fol. 


Syzygies, II, y. 296, 1. 3840. 
. 


Table Horizontal, IF, p; 126, . 2773. 

Tables, whoſe Height is altered, II, y. 126, 
P 

— ſchrough which Light is tranſmitted, 

125, 1 2768, and fol. 

Table exhibiting the Powers and Actions 
in the Lever, I, p. 111, 3. 490. 

— ho it was made, y. 116, z. 520. 

— of Indices and Powers in Machines, v. 
114, . 508. | 
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how it is conſtructed, p. 120, ». 536, 

and fol. | 

— of Uſe in the Computations concern- 
ing the Quantity of Water running out 
of a given Hole, y. 391, #. 1637, v. 398, 
n. 1664, and fol. 

— for comparing together the Segments 
of a Sphere and Cone, p. 206, u. 867, 
Tables of the Reſiſtances, that Bodies, moved 
in Fluids with different Velocities, ſuffer, 
5. 441, 2. 1908, p. 442, 1. 1911. p. 443, 
n. 1914, Pp. 444, 1. 1922, and fol p. 446. 

n. 1929, and ys 450. 7. 1945. 

—— of the Dimenſions of a Cycloid, p. 
IOr, 7. 462, p. 101, . 464, and fol, 

Tackle, I, p. 53, n. 263. | 

Teleſcope, II, v. 92, n. 3193. "IT 

—— aſtronomical, p. 192. u. 3194. and fol. 

| in what different from the Micro- 
ſcope, y. 193, u. 3197. : 

——- for viewing terreſtrial Objects, p. 193, 
1. 3199, and fol. | 

—— how much it magnifies Objects, de- 
termined, p 195, 7. 3207, | 

—— through which an Object appears ereQ, 
ibid. n. 3209, and fol. 

Length of, y. 196, ». 3215, 

— Perfection G. lis 1. 3216. 

Teleſcopes, why leſs perfect, v. 254, n. 35 50. 

— Ccatoptric, their Length, y. 220, u. 
335.7, f. 225, #, 3390, and fol. 

_— their Aperture, y. 220, =. 3357, and 

ol. 

— how much they magnify, p. 220, n. 
3354, p. 220, . 3358, p. 222, u. 3369, 
and fol. p. 224, u. 3388, v. 228, u. 3406, 
and fol. c 

Teleſcopes catoptric, how they repreſent Ob- 
jets, p. 221, . 3360. 

— Gregorian, v. 221, 2. 3364, and fol. 

— What Aperture they ſhould have, 223, 
1. 3378. 

— compared together, py. 228, u. 3410, 
and fol. | 

and with Dioptric ones, p. 230, *. 
3420, and fol. | 

—— Newtonian, p. 219, u. 3350, and fol. 

—— brought to Perfection by Hadley, p. 
221, 1. 3361. 

— compared together, p. 227, u. 3402. 
and fol. 

— and with the Gregorian ones, p. 224, 
„ „ 230, 347. 

—— 3 And bye lane of Tele- 
2 determined, p. 198, 7. 3229, and 
ol. 

Töings natural, I, p. 1, u. 1. 


Thread 
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Thread of a River. See River. 

Thermometer, whether it ſhews the Degree of 
Heat, II, v. 67, n. 2432. 

— if it is made hotſuddenly, the Fluid 
in the Tube deſcends, p. 68, u. 2433, 
and fol. 

Thermometers are affected in the ſame Man- 
ner by neighbouring Bodies, y. 82, #. 
2506, and fol. p. 83, 3. 2154. 

Tiae, II, p. 381, u. 4463, and fol. 

— is derived from the Action of the Sun 
and Moon, p. 380, 3. 4457, and fol. p. 
381, . 4469, and fol. 

— none under the Pole, . 381, . 4467. 

not always the ſame, v. 382, u. 4473, 
and fol. 

— near Briftol, v. 384, n. 4491. 

— the Forces of the Sun and Moon for 
producing it determined, v. 384, u. 4486, 
and fol. 

——D- how the Surface of the Sea, in Tides, 
conſtitutes itſelf, p. 366, . 4324. 

Time of the Action of a Cylinder on Clay, 
the Ratios of, I, p. 205. x. 859, and fol. 
p. 210. =. 884, and fol. 

— of the rolling of a Body along an in- 
clined Plane, v. 85, =. 388, and fol. 

—— abſolute or true, Y. 26, . 117. 

— relative, . 26, 3. 118. 

— mean, II, p. 310, u. 3973. 

— Periodic. See Periodic. 

— in which a Spring is bent, I, y. 329, 

u. 1351, and fol. 

— Which is of Uſe in the Experiment 
relating to Velocities commmunicated, 


v. 329, 1351, 7. and fol. v. 332, 1. 1365, 
and fol. 


—— Of a Vibration, its Ratio to the Time 
of a vertical Fall, . 91, . 415, p. 103, 
n. 470. | 

Aquation of, II, p. 310, 3. 3973. 

Conſideration of, may be negleQed, in 
determining the Effect, that a Body pro- 
duces, whilſt it loſes Force, I, p. 171, 1. 
728, v. 196, 1. 826, p. 199, n. 836, and 
fol. 

Times in which Cavities are made, how de- 
termined, v. 208, x. 868, and fol. p. 209, 
z. 881, and fol. | 

theſe Times are compared, p. 212, 
#. 899, and fol. | 

— in which a Fluid runs out through 
Holes, of what Kind, p. 392, . 1641, 
and fol. | 

— in which the Inflections of elaſtick 
Bodies are made, of what Kind, p. 337, 
2. 1397, and fol. 


— in which Percuſſions are made, how 

| — together, v. 237, u. 1025, and 
ol. 

—— in which a Lever raiſes a Weight by 
Means of different Powers, how com- 
pared, p. 116, =. 519. 

— the Squares of the Times of the Ac- 
tions of ſome Bodies againſt Clay, are 
as the Maſſes, p. 205, ». 862, p. 211, 
#. 891, and fol. 

Tone does not depend upon the Intenſity 
of Sound, II, v, 55, . 2359. 

— Muſical, on what it depends, 1814. 
1. 2357. ; 

— degrees of Sharpneſs of different ones, 
their Ratio to one another, 2d. x. 2358. 

Toricellian Tube, II, v. 3, . 2086. 

Tranſlation, what, I, p. 28, n. 128. 

Tropics, Il, p. 302, n. 3894, aud fol. 

Tubes tor ſpeaking Trumpets, their moſt per- 
fea Figure, p. 57, u. 2389. 

Twilight, II, v. 310, u. 3977- 

—— Cauſe of Twilights, ibid. u. 3977. 

— » Cauſe of Twilights, id, u. 3978. 


V. 


Vacuum, I, p. 4, n. 21. 
— is poſſible, ibid. n. 22. 


— proved, II, p. 330, u. 4120, and fol. 
Vapour takes up much leſs Space than Water, 


IT, v. 11, u. 2127, H. 12, #. 2133, and fol. 
— why equally hot with boiling Water, 
p. 83, #. 2513. 
elaſtick Force of, v. 69, n. 2441, and 

fol. 


Vapours ſometimes appear ſuddenly in the 
Air, v. 87, u. 2544, and fol. 

Velocity, I, p. 26, u. 119. 

— acquired, p. 82, u. 372. 

— of the Water of a River. See Vater. 

— i encreaſed as long as Body is preſled, 

. 167, u. 697. | 

— of a Body projected upwards, v. 83, 
1. 377, and fol. 

— and in any Point, y. 127, 2. 5 56. 

of Bodies deſcending on an inclined 
Plane, v. 84, * $0, and fol. 

—— of Bodies deſcending in a Curve, . 
86, n. 393. : 

is communicated to Fluids by Preſſure, 
v. 376, 2. 1575, and fol. + 

—— whereby a Fluid ſpouts, by the Preſ- 
ſure of a ſuperincumbent Fluid, of what 
Kind, p. 378, n. 1583, v. 379, 1. 1585. 

— Of a River, See River, HS 
H hk 2 Velocity 
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Velocity an equal, lateral is not always com- 
municated by an equal Impreſſion, y. 272, 
1. 1150. 

— greateſt of an accelerated Body, v. 50, 
n. 1978, and fol, p. 470, u. 2053, and fol. 

— of a Pendulum. See Pendulum. 

— after a Stroke, common to Bodies, tend - 
ing towards the ſame Part, how had, p. 
229, u. 988, and fol. p. 234, u. 1011. 

m— after a Stroke, common to Bodies, 
tending towards contrary Parts, how had, 
v. 229, u. 990, and fol, . 235, u. 1012, 
and fol. 

— after the Stroke, in the Colliſion of 
three non-elaſtick Bodies, p. 285, u. 1184, 
p. 294, 1214. 

— j a Body runs directly againſt another, 
which coheres with other Bodies, how 
had, v. 246, u. 1069. | 

— of a Point, in which is made the Per- 
cuſſion of different Bodies joined, how 
had, v. 241, 2. 1045, p. 245, u. 1064. 

ger reſpective, y. 216, . 91, and 
fol. 

— double, what reſpective Action it gives, 
v. 231, 2. 1001, 

of Sound. See Sound. 

equal Degrees of, how communicated, 
5. 168, 3. 705. 

— Change of in the ftriking of elaſtick 
Bodies, with reſpect to all, of what Kind, 
p. 286, n. 1188, and fol. 

Velocities acquired and loſt often denote the 
ſame Change, p. 166, =. 689, and fol. 
——- communicated by a Spring bent, p. 
254, u. 1088, and fol. p. 257, u. 1096, 

and fol. 

— and by a Spring relaxed, of what 
Kind, v. 328, =. 1345, and fol. p. 331, 
n. 1360, and fol. 

— of a Body that is retained in a Curve 
by a central Force, p. 151, z. 643. 

of falling Bodies compared, v. 89, u. 
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their Laws, p. 260, . 1110, and fol. 
Velocities of Bodies in the Motion of a 
Pendulum, v. 106, 3. 478. | 
——— after the Stroke how determined, v. 
— 1. 987, and fol. p. 245, n. 1054, and 
ol. 
— Which communicate Motion by Pref- 
fure alone, y. 307, 1. 1256. | 
of Pendutums in a Fluid, of what Sert, 


7. 457, n. 1987. 


of elaſtick Bodies, after the Stroke; 


— With which a Fluid runs out of diffe- 
rent Holes, of what Kind, p. 397, z. 
1586, and fol. 

— gg of, in Colliſion, v. 225, 
1. 967. 

— of the Velocities of two 
Bodies, ariſing from their mutual Action 
in Colliſion, of what Kind, p. 285, », 
1186, p. 294. u. 1216. 

— Changes of, in Colliſion, which hap- 
pen in certain Times, examined, p. 237, 
u. 1026, and fol. 

— in double Collifion, when made in 
equal Time, p. 291, . 1205, p. 293, . 
1212. 

— Changes of, made by oblique Per- 
cuſſion, v. 279, #. 1172, and fol. 

— — Ratio of, when in Percuſſion various 
Bodies joined are at Reſt, v. 244, u. 1057, 
and fol. 

Venus, II, v. 281, n. 3728. 

——— Diſtance of from the Sun and periodi- 

cal Time, p. 338, 3. 4158. 

Vibrations of a Plate, one of whoſe Ends 
is fixed, v. 325, u. 1333, and fol. 

—— though unequal, are of the ſame Con- 
tinuance, v. 316, 3. 1292. 

greater of a Pendulum in a Fluid, are 
of longer Continuance, p. 457, 1. 1986. 

Vibrations all of the ſame Plate are of the 

- ſame Continuance, p. 326, . 1335. 

— of equal Pendulums in a Fluid, are of 
the ſame Continuance, p. 456, =. 1983. 

— Times of the Vibrations of Chords, p: 
317, 2. 1293, and fol. 


Viſible Point, where it appears, II, y. 182, 


2.3121, and fol. | 
Vikon confuſed, II, p. 177, n. 3088. 
— - diſtin, . 177, . 3087. 


— has diverſe Limits, p. 178, 3. 3098, 


and fol. | 

— is diſtin for one Point, only at the 
ſame Time, v. 179, . 3107, and fol. 

— through a Lenſe how it differs from 
Vifion with the naked Eye, p. 185, . 
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— en a concave Lenſe, p. 185, . 
3140, and fol. 

through a convex Lenſe, v. 184, u. 
3131, and fol. 

Vifion n a poly hedrous Lenſe, p. 187, 
1. 3156. 

— a plane Glaſs, p. 183, u. 
3126, and fol. | ; 

— Limit of Viſion in the ſame Man is 


ſometimes near and ſometimes omen, #3 
a 


P- 178, n. 3100. 

— by Viſion through Water Objects ap- 
pear magnified, p. 184, 3. 3130. 

— how we judge of Diſtance, by Viſion, 
p. 180, #. 3109, and fol. 

— aud through Glaſſes, p. 182, ». 3124, 
and fol. 

— and by Magnitude, p. 181, 3. 3118. 

Vitreous Humour. See Humour. 

Uniſon II, p. 55, u. 2361. 

Univerſe, what, I, p. 1, 2. 1. 

— governed by determinate Laws, p. 2, 


** 
Urine, Phoſphorus of. See Phoſphorus. 
e of Machines. See Machines. 
Uvea, II, v. 173, u. 3064. 


W. 


Water acts two Ways upon Hydraulic Ma- 
chines, v. 428, ». 1848, and fol. 

— aſcends through a Pump, II, p. 10, 
n. 2199, and fol, p. 30, u. 2266. 

— but not in Vacuo, p. 25, 3. 2200, 
and fol. 

— aſcends through a Syphon, p. 39, 
u. 2264, and fol. 

—— Why it runs out of a Syphon, p. 38, 
n. 2259, and fol. 


— is attracted by Glaſs, p. 22, a. 99, 


and fol. | 
— is melted Ice, p. 68, ». 2439. 
—— —— puts out Fire, p. 95, u. 2593, and fol. 
— does not extinguiſh ſome Fluids that 
are ſet on Fire, p. 95, u. 2596. 
— in a River, the lower moves faſter 
than the upper, I. p. 401, u. 1678, and 
fol. 


moved through an Horizontal Chan- 
nel, and how, p. 403, u. 1696, and fol. 

Water in a River moves ſlower, where it is 
remote from the Head, p. 403, u. 1692. 

—— - When accelerated, p. 403, 2. 1694. 

—— When it is carried with an equable Mo- 
tion, p. 403, u. 1691. I 

— carries Sand along with it, p. 404, 2. 
1703, and fol. p. 405, u. 1710, and fol. 

——— When it comes to the Bank with a cer- 
tain Impetus, what Effect it produces. p. 

8. 171%. 

A har Aion ſuſtained in a Tube, 
p. 423, u. 1813, and fol. 

— with what Action caſt upwards, p. 424, 
n. 1817, and fol. 

— repels fat Bodies, p. 20, u. 87. 


ä 


that intermediate Objects appear confuſed, 


— retains the Fire contained in the Phoſ- 
phorus of Urine, II, p. 87, 2. 2499. 
—— Adheſion of it to Glaſs and Wood, 

I, p. 19, n. 86. 


— Height of it, the farther you go 


from the Head of a River, continually 
diminiſhes, p. 400, 3. 1673. 

— Aſcent of between two Glaſs Planes, 
p. 19, u. 84, p. 19, 3. 85, p. 23, u. 106, 
and fol. 

—— Aſcent of it in Glaſs Tubes, p. 18, 
a. 82, and fol. y. 23, u. 104, and fi p. 
24, 1. 107. 

— Column of, ſuſtained by Air, II. p. 
3, x. 2089. 

— Denſity of, to that of the Spirit of 
Turpentine, p. 39, . 2851. 

— the ſame Quantity flows out in the 
ſame Time through Sections of a River 
in a permanent State, I, p. 399, . 1670. 

— the Velocity of the lower and upper 
Water, in the Progreſs of a River, con- 
tinually approaches towards an Equality, 
p. 401, 3. 1679. 

— Height of in a River, when obſtructed 
by 8 401, u. 1681. 

— Velocity of in a River is not altered, 
as the Quantity of Water encreaſes, p. 
401, 1. 1680. 

— Velocity of in different Parts of a Ri- 
2 Bo determined, p. 400, . 1674, 
and fol. | 


Weight of, p. 13, 2. 63. 


Velocity of in a Tube how determined, 
p. 420, n. 1674, and fol. | 


Watery Parts in Bodies, II, p. 87, u. 2549. 


Wawe I, p. 409, n. 1738. 

— how made, p. 409, 2. 1737, p. 411, 
1. 1747. 

— of Air. See Air. 

— Breadth of one, p. 409, n. 1739. 

— Motion of, of what Sort, p. 409, u. 
1740. 

— Motion of one behind an Obſtacle, 
p. 410, . 1744, and fol, 

——— Refletion of, how made, p. 409, 7. 
1741, and fol. 

— Various Waves don't diſturb one ano- 
ther, p. 411, 2. 1748. 


— Celerity of them how determined, p. 


411, 2. 1749, p. 413, u. 1753, and fol. 
Way milky, II, p. 317, 2. 4038, and fol. 
— run through by a ſpouting Fluid, by 

what Experiments determined, I, p. 386, 

2. 1615, and fol. 

Wedge, I, p. n. 272. 
ge, I, P. 55, 1. 27 Widge 


IN D E X. 


Wedge, Edge of it, p. 55, 1. 275. 

— Height of, p. 55, x. 273. 

— Baſe of, p. 55, 1. 274. 

Weighing, moſt exact Method of, I, 5. 565. 

1536, and fol. 

Weight loſt by a Solid immerſed in Fluids 

of a different Denſity, I , þ. 358, Ly 1498, 

and fol. 

of a Body, 5p. 31, . 149. 

— Conſidered as a Power, p. 32, 3. 1 51, 
P. 33, u. 157. 

— how it gravitates upon the Point of 
Suſpenſion, p. 37, u. 183. 

—— Which. is ſuſtained by Powers drawing 
obliquely, p. 71, =. 3325 and fol. 9. 72, 
7. 336, and fol. 

— Action of one for moving a Balance, 
P. 37, u. 185, and fol. 

Weights loſt by a Body, immerſed in diffe- 

rent Fluids, are as the Denſities of the 

Fluids, p. 368, u. 380 

—loſt by equal Solids, inimerſed in a 


Fluid, are equal, 5. 317, 3. 1493, and 


fol. 


— lot by unequal Solids immerſed in a 


Fluid, are in the Ratio of the Bulks, p. 

358, 2. 1495. 

' —— loſt of the fans Weight, but of dif- 
. ferent Denſity immerſed: in the ſame Fluid, 
of what Kind, p. 358, u. 1496, and fol. 

— are explo by a Balance, þ. 36, 22 

—— how exactly determined, p. 36 yo 4 
1520, and fol. 

— Which are ſuſtained by one Power 

only, p. 48, u. 245. 

— applied to a er, have a common 

Center of Gravity 7 48, n. 246. 


Fa 
Wheels moved by the 


——" confidered with reſpect to their Bulks 
and Denſities, p. 353, #. 1465. 


— are as the 1 of deer, 5p. 33, 
1. 166.15 , 


Weſtern Part, II, $404, u. 9916. 


Weſt, Point of, 1157 | 

Vater, their 
Actions, I, 5. 430, . Ih 

Wind, Action of upon the Sails of an Hy- 
draulic Machine, difficult to be deter- 
mined, I, p. 428, u. 1846. 

— Velocity of is leſs than the Velocity 
of Sound, II, p. 53, . 2342. 

Wood, cleaving of, I, P. 59, u. 285. 

— lucid ſoon loſes it's Light in Vacuo, 
It, p. _—_— 2529. 

Warld, Poles of. See Poles. 


Wh, 


Tear great, II, p. 314, 1. 4018. 


— periodical, exceeds the 2 1 Year, 
p. 281, u. 3729. 
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Zenith, II, p. 304, 3. 3912. 
Zodiac, II, 289, u. 3791. 


— Signs of, p. 288, 1. 3783, 7. 316, 1. 


4029. 
Zone Torrid, Phænomena of, II, p. 311, 


x. 3991, P. 312, 2. 3995, and fol. 
cone MY 311. 2. 3987, and fol. 
hznomena of the Temperate, p. 306, 
1. "I 33, and fol. 
hænomena of the Frigid, p. 318. 1. 
3993 * 1. 3998, and fol. | 


4 Line 35 from the W for with read to. 


Page 99 and following, for Reaumur read Romer. 


